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Notes of the Month. 


IT was recently reported in the Press that two Berlin 
scientists, Dr. Brasch and Dr. Lange, had succeeded 


‘ »”> 


in “‘ splitting 
different elements with electrons of very high voltage. 
Except that one of the metals split was lead, little 
detail of the process has yet been disclosed, but the 
results are described as impressive. A year ago 
a claim of this kind would have been regarded as 
fantastic, but it is now widely believed that very high 
voltages are capable of affecting atoms in a way which 
earlier would have been inconceivable. We have no 
wish to prejudge this interesting matter, but it may be 
said that on general grounds such a projectile as an 
electron, being too light, and such a target as a lead 
atom, being too heavy, are not ideal for bringing 
about the kind of cataclysm which splits the atom. 
Further results will be awaited with interest. 
* * * * * 


the atom by bombarding atoms of six 


In Nature for January 7th there is an account of 
some new experiments by Dr. J. D. Cockcroft and 
Dr. E. T. S. Walton on a kindred problem. As 
reported in Discovery last June, these scientists 
succeeded in breaking up atoms of lithium and of 
other light elements by using as projectiles the nuclei 
of hydrogen atoms. This was the first occasion on 
which these nuclei (protons) had been used success- 
fully as projectiles ; success was due to the ingenious 
way in which the technical difficulties of generating 
swift protons by exceedingly high voltages had been 

* 


overcome. In the early experiments, when the 
hydrogen struck the helium in a certain spot, they 
coalesced momentarily and then divided into two 
nuclei of helium, so that lithium, weighing seven, and 
hydrogen, weighing one, gave two heliums each 
weighing four. Cockcroft and Walton now announce 
that when an atom of the element boron (weighing 
eleven) is bombarded with swift nuclei of hydrogen, 
three helium nuclei appear to be produced: this is 
alchemy or transmutation of matter par excellence. 
This important observation should throw interesting 
light on the structure of the atoms of light elements. 
It should be emphasized that these occurrences are 
of great rarity. In one experiment one helium nucleus 
only was produced from two million shots at the 
boron target by the hydrogen projectile, and under 
comparable conditions, the probability that the 
lithium atom will be so struck as to be split up is only 
about four per cent of that for the boron atom. 
* * * * * 

There are now certainly three, and possibly five, 
projectiles which effect artificial disintegration of 
atoms; first and foremost the swift helium nuclei, 
with which Lord Rutherford’s name is associated, 
then the swift hydrogen nucleus of Dr. Cockcroft 
and Dr. Walton, and lastly the neutron discovered 
by Dr. Chadwick and Dr. Feather. Recently there 
have been suggestions by different investigators that 
occasionally the cosmic ray (the exact nature of 
which remains unsettled) gives effects in measuring 
instruments most plausibly due to pieces of an atom 
which has been split in many places by the ray. 
Finally, in contrast to the massive nuclei of hydrogen 
and helium and to the neutron, there may be the 
imponderable electron itself, as Dr. Brasch and Dr 
Lange suggest. 

* * * * * 

Prehistoric finds of great importance are reported 
from Athens. The discovery earlier in the summer 
of a Mycenaean grave on the slopes of a hill not tar 
from Philopappos Hill, near the Acropolis, was the 
first important burial of this period found in Athens. 
It is well known that the Acropolis itself was a 
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Mycenaean fortress of great strength, occupied between 
the fourteenth and the twelfth centuries B.c., and 
late Mycenaean pottery is common enough in Athens. 
But no rich burial had hitherto been found. The 
latest find is a statue of a horseman of the Archaic 
period of the late sixth century which has turned up 
by chance during road making. Further details are 
awaited, but such a discovery is of great value, as the 
only similar statues are to be seen in the Acropolis 
Museum. These horsemen probably represent the 
“ Knights of Athenian society. Athens is always 
prolific in statues, and a torso of a youth of the early 
fifth century has also been recovered from the bed 
of the river _ Ilissos. The systematic German 
excavations of the Dipylon cemetery have now proved 
conclusively that there was no break between the 
Mycenaean period in Athens and the earliest Hellenic 
period soon after rroo B.c. Hitherto evidence for 
this continuity of civilization has not been obtained, 
and the historical importance of the conclusion is 
consequently great. 
* * + %: 2 

The introduction of parasites in fighting insect 
pests is now a familiar resource. Five years ago 
insects were introduced into New Zealand to assist 
in the destruction of noxious weeds. The Department 
of Scientific and Industrial Research in the Dominion 
now reports that the experiment has proved highly 
successful. The blackberry was among the plant pests 
which have so far received attention. One of the 
chief difhculties was to discover an insect which 
would attack the blackberry and leave unmolested its 
close relatives, the apple and the rose. The choice 
at length fell upon a beetle from the South of France, 
known as Coroebus rubi. Unfortunately this insect 
destroys roses as well as blackberries, but the black- 
berry pest is such an urgent problem in parts of New 
Zealand that it has been decided, if necessary, to 
sacrifice the rose. Blackberries occupy hundreds of 
thousands of acres, thus rendering large areas of land 
economically useless; one celebrated bush is. said 
to be 250 miles in length. 

* * * *K * 

In the control of pests the success of the field work 
tends to obscure the less spectacular research of the 
entomologist in the laboratory. The investigation 
and breeding of parasites in this country was first 
begun in 1921 at the Rothamsted Experimental 
Station, whence supplies were sent overseas. In an 
interesting letter to The Times, Sir John Russell 
recalls the early difficulties of transporting what was 
then a cargo entirely novel to the shipping companies. 
Sir John also discusses another important aspect of 


Discovery—February, 1933 


biological control. There is every hope that the 
insects shipped to New Zealand will keep the weeds 
in check, but there is a possibility that action may 
have to be taken in the future against the insects 
themselves. Although this problem is remote, it is 
already being studied at Rothamsted. 

* * * * * 

An unusually long list of antiquities which will be 
scheduled as Ancient Monuments has been published 
by the Offce of Works. This evidence that the 
authorities are making wide use of their powers under 
the new Acts is encouraging. But it is distressing 
to note how often a public appeal must be made to 
save from decay a monument which the Office of 
Works has preserved from demolition. Even in these 
hard times the necessity for appeals of this kind might 
well be prevented by local patriotism. 

* * * + * 

The recent steps to facilitate the development 
of the newly-discovered goldfields in Kenya has 
aroused protests from several quarters. Criticisms 
of the proposal to withdraw portions of land from the 
native reserves without substituting equivalent areas 
may seem unduly strong unless the economic organi. 
zation in Kenya is fully understood. The offer of a 
payment of money in compensation for land required 
for mining appears to be a perfectly equitable arrange- 
ment to the European, who looks upon it as a matter 
of business. But, as anthropologists point out, 
tribal life is inextricably bound up with the possession 
of land. 

aK x * a” * 

One of the most significant features of modern 
research is the growing co-operation of workers in 
different fields. This spirit is nowhere more con 
spicuous than in the study of birds. Five years ago 
the President of the British Ornithologists’ Club 
pointed to the concentration on purely systematic work 
to the neglect of the larger biological problems. In 
the last few years the position has entirely changed, 
and at the last meeting of the Club Mr. David 
Bannerman was able to comment on the wide view 
which the modern ornithologist takes of his work. 
As instances of this he mentioned the work of Dr 
James P. Chapin, of the American Museum, on the 
ecological aspects of bird distribution in Africa, and 
of Professor Lénnberg, of Sweden, on the distribution 
of African fauna in connexion with climatic changes 
Mr. Bannerman stressed the importance of studying 
geography in investigating bird distribution, and 
suggested that British watchers might follow 
the example in this connexion of some _ foreign 
ornithologists. 
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New Light on the Art of Heaphy. 


By the Rev. C. C. Dobson. 


The author has lately had access at the British Museum to the album of Thomas Heaphy, which contains the artist's 


original copies of the early likenesses of Christ and the Apostles. 


An interesting controversy has just arisen concerning 


the portrait of Linus, first Bishop of Rome, which is here discussed. 


THE romance of the story of Thomas Heaphy lies 
in the fact that he never realized how fully he had 
succeeded in attaining the objective which constituted 
his life work. He set himself the task of searching 
for and copying every known early likeness of Our 
Lord, and he left behind him, in the album containing 
his originals subsequently deposited in the British 
Museum, a small water-colour copy of a fresco from 
a vault in the catacomb of St. Domitilla. This is 
probably of far greater interest than the larger 
likenesses, which he regarded as the main fruits of 
his labours, and it may even be the earliest portrait 
ever executed and the parent of traditional likenesses. 

Thomas Heaphy (1813-73) was the son of a 
distinguished artist of the same name and himself a 
portrait painter. There came into his hands as a 
child a mysterious picture of Christ, the inscription 
attached to which informed him it was at St. Peter’s 
at Rome. His imagination was fired by it and it 
became his keenest longing to go and see it. The 
Dictionary of National Biography tells us that his 
father took him to Rome, but he himself relates how, 
while still a boy, he set out to make the long journey 
across Europe 
on foot. 
Stopping at 
Arles on his 
way he found 
there parly 
drawings and 
frescoes, 
which assured 
him that a 
rich mine of 
wealth in art oo 
lay before | 
him in_ the 
catacombs at 
Rome. 

He arrived 
at Rome late 
in the after- 





for the day. The next morning early he sought in 
vain in every nook and cranny of the great edifice 
for his picture. The attendants knew nothing of it. 
His eager enquiries and obvious disappointment 
attracted the attention of someone robed in purple 
who was passing, and whom he took to be a bishop. 
From him he learned that his picture was that on the 
famous Veronica cloth, and quite inaccessible. In 
his boyish ignorance he offered a dollar to be allowed 
to view it. Though unsuccessful now it is obvious 
that his chance interview laid the foundation for 
subsequent friendships with the highest in the Roman 
Church, and which led to ultimate success; for it is 
beyond doubt that he eventually succeeded in viewing 
and copying not only this cloth, but also the similar 
relics preserved at St. Silvester’s, Rome, and St. 
Bartholemew’s, Genoa, and also the small cloth, a 
copy of which we reproduce (Fig. I), preserved in the 
Church of St. Prassedes at Rome. 

With regard to the general question of early likenesses 
of Christ, it may be said that the traditions attached 
to some of them rest upon reputed miracles, and 
But there is, perhaps, more 

to be said in 
favour of the 


are mainly of late date. 


fe 
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Lord’s body 
was wrapped 
for  bunial, 
which Heap- 
hy apparently 
never saw, 
and the story 
behind _ the 
little hand- 
kerchief at 
St. Prassedes 


noon and was Church, 
d i sappointed ST. PETER’S OUTLINE PORTRAIT AND THE FIRST OR SECOND CENTURY FRESCO. Rome, has 
to find St. F1G. 1 (left).—Heaphy’s copy of the portrait on a smal! linen cloth, attributed to St. Peter. The copy includes a portion strong cir 


of the silver and enamel framework in which the original was set by the Empress Helena. Fic. 2 (right).—An earlv 
second century likeness of Christ copied bv Heaphy. 


Peter’s closed 


cumstantial 


Is this the, original of all traditional likenesses ? 
——. 
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evidence to support it. There is also a_ reputed 
hkeness of Christ said to have been executed on an 
emerald by order of the Emperor Tiberius, associated 
with which is a document describing Our Lord, sup- 
posed to have been written by a Roman officer stationed 
in Palestine in Our Lord’s time named Publius 
Lentulus, but we have been unable to find earlier 
authority for this than about the seventh century. 
There are also traditions that St. Luke was an artist 
and painted Our Lord. 

Turning, however, to more certain ground, St. 
Augustine makes it clear 
that in his time no portrait 
of Christ executed during 
life existed. In the earliest 
Christian times there 
appears to have been a 
reluctuance on the part of 
Christians to attempt to 
reproduce His likeness, for 
Tertullian voices this reluc- 
tance in a protest. It was 
only in the fourth century, 
when Constantine legalized 
Christianity, that the 
churches then erected were 
embellished with mosaic or 
fresco likenesses. Heaphy 
copied many of these both 
at Rome and elsewhere, and 
his original copies reveal 
common 
which strongly suggest an 





characteristics Fic 
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The authorities have assigned dates for these varying 
from the first to the fourth century, and also different 
purposes for their use. But all appear to agree that 
one class of them was used at the first century feast 
of “agape” allied to Holy Communion, and Heaphy 
tells us that the designs on these were such that on 
lifting them to drink there might be a reminder of 
Our Lord. Any portrait on this class of paterae 
must be of exceptional importance. They were 
buried with the dead, and large numbers of them 
are to be seen in the Vatican and other museums, and 

our own British Museum 
has about thirty. 

While Heaphy concen- 
trated mainly on copying 
the likenesses in early 
churches and those on the 
cloth referred to 
above, he also devoted con- 
siderable time to copying 
these little patera pictures 
and the faded and fading 
pictures and frescoes in the 
catacombs. Although he 
did not realize it, 1t was 


relics 


here that the real impor- 
tance of his work lay. The 
likeness to which we attach 
the most importance (Fig. 
2) was, as we learn from 
his notes attached to it, 


3 in the ceiling of a vault in 
A GOLD LEAF PICTURE ON GLASS. 


the catacomb of SS. Achill 


A copy by the artist from a glass patera containing likenesses of SS. John, 


earlier original, from which James (?), 
all were derived. The 

existence of this original has always been a matter of 
speculation, and the most likely place in which to 
find it would be the catacombs at Rome, some of which 
dated from the first century, and contained frescoes 
and drawings. Not only were frescoes to be found 
in the catacombs which were being thoroughly explored 
in Heaphy’s time, but the very loculi contained 
potential treasure. The loculi were then being opened, 
and many remains were being removed as being those 
of supposed martyrs. 

Some of the commonest objects found in these 
loculi were little glass bowls or paterae, with designs 
in gold leaf and enamel worked upon them. The 
designs were often executed on the bottom inside, 
and then covered with a layer of glass for protection, 
which was welded to the mother glass. 
included portraits, symbolic scripture pictures, 
sentences such as “ drink and live,’’ and sacred symbols. 


The designs 


Peter and Paul. The letters DA stand for Domini Apostolic. 


e Nereo, originally known 
as that of St. Domitilla. 
It was much faded and in parts indistinct. The 
importance of this fresco lay in the fact that it was in 
the ceiling of the vault, a fact which is not only proof 
of its early date, but also suggests the purpose for 
which it was executed. 

Heaphy tells us in his notes of a custom of the early 
Christians to cover the faces of the dead with small 
linen cloths upon which a likeness of Christ had been 
drawn, the intention being that Our Lord should thus 
cover the dead. This would doubtless account for 
the position of this fresco in the ceiling, for it would 
be covering all buried in the vault, and it would also 
account for its presence at a time when the painting 
of Our Lord’s likeness was not customary. As regards 
the date and story of this catacomb, it was certainly 
commenced in the first century, but we are unable to 
say to how late a date burials continued in it. The 
earliest portions of this 


catacomb are _ aasily 
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distinguishable. De Rossi, the great authority on 
catacombs and a contemporary of Heaphy, defines the 
features by which the dates can be assigned. 

St. Paul tells us that during his first imprisonment 
he was in contact with ‘“ those of Caesar's household ” 
who were Christians, and early records and traditions 
give us the names of several Christian relatives of 
the emperors Domitian and Vespasian, some of whom 
were buried in this catacomb. We know of Flavius 
Sabinus, praetor in A.D. 64, who was a brother of 
Vespasian, and whose daughter Flavia Domitilla 
Domitiana was cousin to 
Domitian and gave _ her 
name to the catacomb. 
She had a niece of the same 
name. Her husband's 
cousin, Titus Flavius 
Clement, was consul in 95. 
Her stewards, Nereus and 
Achillius, after whom the 
catacomb was subsequently 


named, were near. con- 
nexions. Some of these 
were victims of Domitian’s 
persecution, and with 
others formed a group of 
eminent Christians  con- 
nected with the Pudens 
gens. 


We have, then, a 
catacomb begun in the first 
century for the interment 
of the highest-born Chris- 
tians. A vault in it is 
specially marked by being 
embellished with many early frescoes as Heaphy tells 
us. It must have been that of a wealthy family. A 
Christian artist is commissioned to embellish it with 
frescoes. Likenesses of Christ are not usual at that 
time, but the prevalent custom of covering the dead 
with the face of Our Lord constitutes an exception, 
and he paints this likeness in the ceiling to cover all 
those buried beneath. Sir Wyke Bayliss, the friend 
of Heaphy, tells us that this fresco was painted by 
‘a Roman for Romans who expected a portrait to 
be a likeness.”’ The artist would, therefore, take 
pains to assure himself as to Our Lord’s appearance, 
and may even have consulted St. Peter himself or 
others who had seen Him. Heaphy places the date 
of this fresco as second century, but it may thus even 
have been earlier. It certainly could hardly have 
been later from its position in the ceiling, and the 
It has none of the hardness of 


a glass patera. 


absence of a halo. 
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"IG. 4. 
A CONTROVERSIAL SUBJECI. 


A portrait of Linus, first Bishop of Rome after the Apostles, copied from 
It has been suggested that this is a portrait of Marcellinus, 
and an interesting controversy has ensued. 
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later likenesses, which became so common in the 
fourth century onwards. 

But was this the earliest and the original of 
traditional likenesses? The likenesses in the many 
churches erected in Constantine’s time and onwards, 
which gave us the traditional likeness with which we 
are familiar, all bear a correspondence to this picture. 
One of these appears in Heaphy’s album ; it is copied 
in the Baptistry of Constantine A.D. 325, which is 
typical of those of the time, and it displays a coldness 
and hardness of expression which is absent in the 

fresco. Heaphy also dates 

as first or second century 

another likeness from the 
™s catacombs, but this can 
hardly be earlier than the 
third owing to the presence 
of the halo. Indeed, the 
introduction of the halo is 
generally placed later than 
even this date. But this 
likeness suggests the _ per- 


petuation of the general 


features from the earlier 
fresco. 
The little faint outline 


(Fig. 1), on a linen cloth 
preserved in the church of 
St. Prassedes shows roughly 
It is 
mainly of interest because 
of the tradition which lies 
behind it. It is attributed 
to St. Peter, who is said to 
have drawn it with a 
‘stylus and ink” at the request of the daughters of 
Pudens and Claudia. Circumstantial evidence confirms 
the tradition. Pudens and his wife Claudia, who was 
British, resided in a large palace, said to have been 
that of Caractacus during his seven years parole in the 
city, and some traditions tell us that Claudia was his 
daughter. Here Linus, who undoubtedly was Claudia’s 
brother, and therefore also British, resided, and both 
St. Peter and St. Paul are said to have stayed here 
as their guests. A chair from their house, said to have 
been used by these Apostles is a treasured relic in 
St. Peter’s. 

When the Neronian persecution broke out their 
two daughters, Prassedes and Pudentiana, rescued 
the remains of many martyrs and interred them in the 
grounds of their palace, part of which they constituted 
a secret church. It is quite probable that they, 
requiring a handkerchief with Our Lord’s face upon it, 


the same features. 
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should have asked St. Peter to sketch it upon it from 
memory. When Christianity became legalized under 
Constantine, and this church came out into the open, 
his mother Helena was shown the relic with this 
tradition even then attached to it and she had it 
carefully preserved in a casing of silver and enamel, 
part of which appears on Heaphy’s copy. A ninth 
century church, bearing the name of St. Prassedes 
still stands on the spot, but traces of the older are still 
to be seen. The relic has never left the place where it 
was executed. 

Space will not allow us to discuss other drawings 
with which Heaphy’s album abounds. They include 
what he claims to be the earliest likeness of the Virgin 
Mary ever executed and also a very beautiful Burne- 
Jones-like outline apparently of a lady named Eutychia, 
martyred in the first or second century. Heaphy 
copied many of the little gold leaf pictures on glass 
paterae, of which we give two examples. One contains 
likenesses of SS. John, James (?), Peter and Paul, 
and the letters D and A perhaps stand for Domini 
Apostolic. It is probably a late patera (Fig. 3.) 

The other of Linus, first Bishop of Rome after the 
Apostles, was published in the Zimes last December, 
and is here reproduced because it has since given rise 
to an interesting controversy. (Fig. 4.) It has been 
claimed that this portrait is not that of Linus, but of 
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Marcellinus, a martyr-bishop who died in A.D. 304, 
and that the missing letters of the full name should 
stand between MA on the left-hand side and Linus 
on the right. The picture was actually reproduced 
by Garucci and others with the missing letters inserted. 
Heaphy definitely labels it ‘‘ Portrait of Linus, first 
Bishop of Rome according to Protestants, and second 
according to Rome.’’ He dates it first or second 
century. The letters MA would stand for Magister. 
Heaphy copied this from a glass patera in the 
Vatican, which had probably only recently been found 
in the catacombs. He was working in close contact 
with the Roman authorities, and perhaps knew the 
date of the loculus in which it was found. There is 
no sign of the missing letters having existed and become 
blurred, nor is there adequate room for them. It is 
certain that they are not on the patera, and Heaphy 
was citing the opinion of the time. We should expect 
to find Linus on a patera, but hardly Marcellinus, for 
it is an open question whether paterae were still being 
made in his time. Magister would be quite the proper 
title for Linus, and the only sign of a missing letter 
next to MA is more like a G than an R. Those who 
have reproduced this patera with the letters included 
were about twenty to thirty years later than Heaphy 
and it is more probable that Garucci or someone else 
inserted the letters in error and others perpetuated it. 





Incense and the Death Watch Beetle. 


THE report of the Forest Products Research Board, 
just issued by the Department of Scientific and 
Industrial Research, refers to the improved facilities 
for large scale investigations into dry rot and the 
death watch beetle. This is made possible by the 
completion of the new experimental building at 
the Princes Risborough Laboratory 

The report states that some preliminary experiments 
have been carried out upon the effect of incense on 
the death watch beetle. It has frequently been 
suggested that the use of this substance in churches 
may prevent attack by Xestobium. Larvae were 
removed from wood and exposed in a concentrated 
atmosphere of incense fumes for periods up to a 
maximum of two weeks. No visible ill-effects were 
apparent in any of the insects. No information is 
available upon the cumulative effect of incense, but 
it seems unlikely that the use of this substance would 
have any deleterious effect on the larvae. 

An adequate supply of insects for the work has 
been difficult to obtain. Partly decayed willow trees 
in the neighbourhood of the Laboratory have proved 
a much richer source of supply than timber taken 





from buildings. Such old willow and oak trees are 
the natural habitat of Xestobium, and it may be 
assumed that when timber is badly attacked the 
conditions prevailing in it correspond more or less 
closely to those of the insect’s natural habitat. Con- 
firmation of this is being obtained from experimental 
work in progress in the Laboratory. Investigations 
have been continued into the effect of variation in 
moisture content of timber at different temperatures, 
and of the presence or absence of fungus on the rate 
of development of the insect. At the present stage 
it would appear that the optimum conditions in 
timber for the development of Xestobium include a 
comparatively high moisture content and the presence 
of fungus attack. Even under such conditions the 
rate of growth of larvae is extremely slow. 

An interesting innovation is the use of the photo- 
electric cell in the study of wood structure. This 
instrument is being employed to measure the 
percentage of empty space in the intersecties of a 
timber due to its cell structure. Another instrument 
determines the gloss of wood surface by measuring 
the amount of light scattered or reflected from it. 
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Research on the Distance of Stars. 
By Walter S. Adams, Ph.D. 


Director of Mount Wilson Observatory, Washington. 


There is probably no branch of astronomy in which new methods of research have added more extensively 


to our knowledge of the universe than in estimating the distance of the stars and nebulae. 
latest work in this connexion at the Mount Wilson Observatory of the Carnegie 


THE problem of measuring the distance of stars may 
be attacked in one of two ways, both of which are, 
of course, familiar. Either the distance may be 
measured directly, or the individual brightness of 
the stars may be determined and the distance then 
calculated from the relationship between them. These 
methods have so far yielded results regarding the 
two extreme ranges of distance of which we have 
knowledge : on the one hand, the dwarf stars only 
a few light-years away, and on the other hand the 
spiral nebulae at distances ranging from nearly a 
million light-years. 

Between these limits, especially among stars of 
more than one hundred light-years distant, our 
measurements are extremely few. This is partly due 
to the fact that some of the methods of measurement 
have been developed only recently, and insufficient 
time has passed to allow the accumulation of 
adequate material. But it is still more due to the 
dithculty of applying a general method such as the 
spectroscopic one to faint stars. It requires a 
powerful telescope to give a satisfactory spectrum of 
a star one-hundredth as bright as the faintest star 
visible to the naked eye. Less than a tenth of one 
per cent of the stars photographed with a 60-inch 
telescope are as bright as this. So the problem 
arises of how to gain some knowledge of the dis- 
tances and arrange- 
ment in space of the 
great numbers of faint 
stars which constitute 
our system. Itis only 
from detailed infor- 
mation about such 
stars that conclusions 
can be drawn as to the 
form and extent of 
our galaxy and the 
position of the sun 
within it. 

The modern 
method employed for 
thus studying the dis- 
tribution of stars is 
the statistical one of 





A NEBULA IN ANDROMEDA. 


A photograph taken at Mount Wilson Observatory of the nebula ‘ N.G.C. 891” in 
Andromeda. ‘The lens-shape of the nebula can be clearly seen. 


Dr. Adams deals with the 
Institution, Washington. 
‘“ star-counts.”’ If we compare several pairs of stars 
in the sky, in each of which one star is apparently 
bright and the other faint, the fainter star may in a 
few cases prove to be the nearer. If a great many 
stars are compared, however, the fainter stars on the 
average will invariably prove to be farther away. The 
errors introduced by the occasional nearer stars will 
be negligible when great numbers are used, and these 
errors may be still further reduced by comparing 
stars of the same colour. 

Thus we find here a simple but extremely valuable 
means of ascertaining the arrangement of the system 
of stars as a whole. The method of star-counts 
cannot provide the distances of individual stars, but 
when adequately checked by the aid of known data 
it can give the average distances of large groups of 
stars of definite brightness with a considerable degree 
of accuracy. 

The most recent and complete study of the 
structure of the universe based upon star-counts 
has been made in America by Professor Seares and 
Dr. van Rhijn. It has long been known that 
our stellar system is a lens-shaped aggregation of 
stars of which the Milky Way forms the principal 
section, and that the sun lies nearly in this plane. 
Many more stars, therefore, are seen along the 
Milky Way than at right angles to it, because of 
the great elongation 
of the cluster in the 
former direction. 

The results’ of 
Seares’ work indicate 
that the diameter of 
this flattened system 
of stars is some six 
or seven times its 
thickness, but that 
stars thin _ out 
gradually so that the 
boundaries are not 
sharply defined. The 
total number of 
stars contained in 
our galaxy may be 
estimated as of the 
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order of thirty billion, on the assumption that 
the dwarf stars are as numerous throughout the 
system as they are near the sun, and its linear 
light- 
these and the other calculations of 


diameter at some two hundred _ thousand 
years. In 
dimensions referred to in this article the influence 
of absorbing matter in our galaxy and the extra- 
galactic nebulae is neglected since its distribution 
known. Its. effect would 
be to reduce the light of distant stars and make 
the calculated dimensions somewhat 

Although the sun is nearly 
in the plane of the Milky Way, 
it probably lies at a _ very 
considerable distance from the 


is as yet not well 


smaller. 


centre of the galactic system. 
The direction of the centre Is 
almost certainly towards the 
great star clouds in the con- 
stellation Sagittarius, but the 
determination of our distance 
from it is subject to serious 
difficulties. Of these the most 
important as affecting the 
method of star-counts 1s the 
presence of a cluster of stars 
in the neighbourhood of the 
sun which complicates 
the more general features of 
the larger system. This local 
cluster lies close to the Milky 
Way and is greatly flattened, 
being little more than a thin 
sheet of bright stars many 
of which have a large mass 
and high temperature. Its 
diameter is perhaps ten to 

twenty thousand light-years, with the sun situated 
about three hundred light-years from its centre. 

As Seares has noted, the existence of this sub-galaxy 
superimposed upon the greater system reminds us of 
the condensations seen in some of the distant stellar 
universes which constitute the spiral nebulae. Its 
presence considerably increases the concentration 
of stars in the vicinity of the sun, and makes the 
determination of the distance to the centre of the 
principal system correspondingly uncertain. A recent 
estimate by Dr. Harlow Shapley, Director of Harvard 
College Observatory, based upon the independent 
method of the distribution of the Cepheid variables 
in the star clouds of the Sagittarius region, gives a 
value of the order of 50,000 light-years. This result 
would place the sun not far from midway between 





EXTRA-GALACTIC NEBULAE. 


A cluster of several hundred extra-galactic nebulae at a distance 
of fifty million light-years. An exposure of 14 hours was given. 
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the centre and the edge of our stellar universe. It 
neglects the eftect of any absorbing material. 

For convenience we can sum up our knowledge 
of the distances of stars in the experiences of rays 
of light outward from the sun in all 
directions with a velocity of 186,000 miles a second. 
The conception of a more material traveller is 
difficult since at this speed his mass would become 


moving 


infinite and his thickness zero, however unconscious 
of either condition he might himself remain. After 
passing the earth in the course of about eight 
minutes, and the _ planet 
Neptune in a little over four 
hours, the first encounter of 
our ray of light, so far as we 
know at present, would be 
at the end of four years with 
Centauri, a dwarf star of about 
the same intrinsic brightness 
as our sun. 
Stars of similar brightness 
or fainter would doubtless be 
met with 


frequently during 


the greater part of the journey. 
They are scattered throughout 
space like grains of dust, but 
because of their feeble bright- 
ness they can be traced outward 
from the sun with the telescope 
to only moderate distances. 
The first giant star to be 
encountered by the light-ray 
would be the great white star 
Sirius, after about nine years. 
Vega it would reach in twenty- 
five years, Arcturus in forty, 
and the cluster of the Hyades 
The extremely bright stars of 
high temperature which form the Pleiades and the 


in about 130 years. 


belt of Orion are much farther away with distances 
of five hundred to six hundred light-years. 

Hitherto the ray of light has been travelling through 
a region in which the local cluster of stars is added to 
the larger galactic system. As it passes beyond 
the local condensation the number of stars it encounters 
decreases gradually. After some 20,000 years it would 
reach the nearest globular star cluster, or, should its 
direction be at right angles to the plane of the Milky 
Way, in about the same interval it would be nearing 
the boundaries of our stellar system. 

In the direction of the Milky Way the journey 
would be much longer, and, after passing many more 
globular clusters the ray would in the course of perhaps 
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100,000 years reach the ill-defined limits of our 
universe. Assuming that the ray has reached the limits 
of our system, we naturally inquire what it would 
encounter next. So far as we know at present, the first 
prominent objects would be the irregular star-clouds, 
such as the great Magellanic Clouds of the southern 
sky. These interesting areas appear like detached 
portions of our galaxy, their direction and distance 
placing them outside our greatly flattened system. 

According to Shapley they are distant rather 
more than 100,000 light-years, and are composed 
of many hundreds 
of thousands of stars some of 
which are of great intrinsic 
brightness. A similar but 
somewhat smaller cloud, known 
by the catalogue name of 
“N.G.C. 6822,’ has _ been 
studied by Dr. Hubble who 
has derived for it from a study 
of the Cepheid variables the 
immense distance of 700,000 
light-years. 
star-clouds the ray would pass 
into the domain of the extra- 
galactic nebulae, the nearest 
of which are the two great 
spirals, Messier 33 and _ the 
Andromeda nebula. 

The _ investigations’ of 
Hubble, to whom is due the 
proof that these remarkable 
objects are separate universes 
of stars, indicate a distance of 
770,000 light-years for Messier 
33, and 800,000 light-years for 
the Andromeda nebula. At 
such enormous distances these objects, whose apparent 
size in the sky is not very much larger than that 
of the moon, would have linear diameters at least 
comparable with that of our stellar system. 

The diameter of the Andromeda nebula, according to 
Hubble, is about 37,000 light-years as against a value 
of perhaps five or six times this amount for our galaxy. 
[ts mass is estimated at about four billion times that 
of our sun, and its intrinsic brightness not far from 
one one-hundredth that of our entire stellar system. 
[f formed on the same pattern as our galaxy, and 
numerous types of observations show a close analogy, 
the Andromeda nebula must be a system smaller 
than our own, but containing hundreds of millions 
of suns comparable in brightness with any we know in 


the universe of stars by which we are surrounded. 
~ 


Beyond _ these 





THE NEW TELESCOPE. 


A model of the 200-in« h teles ope mounting, \ hich is exper ted 
to penetrate more than three times as far in space as Js at 
present possible 
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The Andromeda nebula, however, is but one 
of a vast number of similar objects, smaller and 
doubtless much more distant from us, which leave 
their faint impressions on the photographic plate. 
The distances of even these inconceivably remote 
stellar galaxies are not completely beyond the reach 
of measurement by the astronomer. Statistical 
relationships connecting apparent size and_bright- 
ness with distance, which have been established 
by the aid of nebulae of known distance, may 
be applied successfully, especially in cases where the 
nebulae are grouped into 
clusters. 

One such group in the con- 
stellation Como Berenices has 
been studied with special care 
by Hubble, who has estimated 
a value of forty-five million 
light-years for its distance. 
Within a small area, about 
one half a degree on a side, 
no less than 304 nebulae were 
counted in this cluster by 
Dr. Curtis when at the Lick 
Observatory, and over 400 have 


been found on _ photographs 
taken with the  100- inch 
telescope at Mount Wilson. 


The analogy between such a 
cluster of nebulae and a star 
cluster at once occurs to the 
mind, but the thought that 
each of these nebulae may itself 
represent a stellar system leads 
to a conception of numbers, 
dimensions, and masses which 
is beyond all imagination. 

The faintest nebula so far photographed by Hubble 
with the roo-inch telescope is at a distance of the 
order of three hundred million light-years. This 
represents the present limit of observable space with 
existing telescopes. Whatever our views regarding 
the nature of the universe, whether we adopt the 
spherical closed universe of Einstein, whose size 1s 
determined by the amount of matter within it, or some 
other, observations of the light coming from these 
enormously distant objects are of great interest. 

The possibility that this light in the course of 
its long journey through space may suffer some form 
of ‘‘fatigue’’ and undergo certain modifications 
is to be considered equally with the possibility that 
the motions of these distant nebulae may be of quite 
a different order from those we know within our 
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Hubble 


and Humason have led to striking results in_ their 


svstem of stars. Recent observations by 
bearing on these questions. 

The work of Dr. Slipher at the Lowell Observatory 
a number of years ago showed that when the 
light of the brighter nebulae was analysed with the 
spectroscope there was a marked preponderance of 
displacements toward the red of the lines observed 
in their spectra. Only two important exceptions 
were found, both of which were large and relatively 
them was the Andromeda 
Hubble and Humason have extended the 
observations to fainter nebulae with the large telescopes 
at Mount Wilson. Not only do their results fully 
confirm the systematic character of the red-shift, 


but they show the remarkable fact that the amount 


near nebulae: one of 
nebula. 


of the shift 1s proportional to the distance of the 
nebula, becoming extremely large for the remotest 
objects. 

The only cause which is definitely known to produce 
displacements of such a character is the motion of 
the source giving the spectral lines. This is the 
well-known Doppler principle, which has been used 
to determine the motions towards or away from the 
earth of thousands of stars in our own system. On 
this interpretation the distant nebulae are all receding 
from us with velocities increasing uniformly with 
the distance. 

Thus the cluster of nebulae in the constellation 
of Virgo at a distance of six million light-years shows 
a red-shift corresponding to a motion of recession 
of 335 miles a second; the cluster in Coma at a 
distance of 45 million hght-years, a motion of 2,800 


] 


miles a second; and a very faint cluster in Gemini 


at a distance of I35 million light-vears, a motion of 


15,000 miles a second. 
The “ Expanding ” Theory. 


It is these results which have led to the recent 
theory of a rapidly expanding universe, a_ theory 
which appears to be quite consistent with generalized 
relativity and a universe under non-static conditions. 

ny more definite solution of the question, however, 
must await the observational and theoretical evidence 
of the future 

In every field of science the discovery of new 
methods of research is without question the most 
important factor in its progress, and there is no branch 
Ol astronomy 1n which the development of such 
methods has added more extensively to our knowledge 
than in that of the distances of the stars and nebulae. 
With advances in methods, however, have come more 


exacting demands upon instruments 
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Greater light-gathering power is needed for studying 
the distribution of faint stars and analy:ing their 
light, as well as for discovering and classifying the 
variable stars which form so valuable a criterion for 
obtaining the distances of the more remote objects. 
In the nebular field the astronomer is working to the 
limit of the power of existing telescopes, and can 
study in detail only four or five of the nearer and 
The more distant nebulae, when they 
can be observed at all, appear as faint, almost star-like 


larger spirals. 


images, which show little detail, and require for their 
study with the spectroscope exposure times ranging 
from twenty-five to one hundred hours. 


A New Telescope. 


Under these circumstances the plans for the 
construction of the 200-inch telescope for the California 
Institute of Technology are of exceptional interest 
to every astronomer. The design of this instrument 
is being studied with a view to providing the greatest 
possible light-gathering power to aid in the discovery 
of nebulae and faint stars, the analysis of their light 
by the spectroscope, and the extension of the limits 
of space beyond those which can be attained with 
existing telescopes. 

The provisional design provides for a comparatively 
short focal length, to give great concentration of 
light; a 
the quality of the images under varying conditions 


mirror of low-expansion glass to insure 


of temperature ; 


; and auxiliary mirrors to increase 
the effective focal length. 

On the basis of the performance of existing telescopes 
it is reasonable to conclude that the 200-inch reflector 
will multiply by a factor of perhaps eight the million 
or so nebulae which we now know to exist. By about 
the same factor it will increase the number which 
can be studied in detail by the aid of variable stars 
and other recognizable standards for measuring 
great distances. 

Stars of about one-tenth the light of the faintest 
stars we can at present see upon our photographic 
plates should appear on negatives taken with this 
instrument, and star-counts made from such records 
will amplify and improve greatly our knowledge of 
the structure and extent of our stellar system. 

What new methods for the study of the universes 
of stars may be developed through the immense 
light-gathering power of this telescope we cannot 
foresee, but from its use even with existing methods 
we can feel assured of discoveries of the highest value, 
ranging from the faint dwarf stars nearest us to the 
remote nebulae which afford the sole means of studying 
the farther depths of space. 
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Modern Uses of Radium. 


By Barbara E. Holmes, Ph.D. 
Biochemical Institute, University of Cambridge. 
The recent report of the Conference on Radium, followed by Lord Lee’s address to the British Institute of Radiology, 


has again focussed attention on this important factor in medical research. 


Dr. Holmes here deals with the latest 


experiments in the action of radium on the cells of the body. 


THE daily Press has lately given a good deal of space 
to discussions of the efficiency of a big radium 
‘“ bomb,” an apparatus containing a relatively large 
amount of radium which had been used for the 
treatment of cancer. It was decided at length to 
divide up this large mass of radium for the time being. 
To those who followed these discussions it must have 
been plain that there is no general agreement as to the 
best way of giving radium treatment, or even as to 
the results likely to be obtained by it. In other 
words, sufficient is not yet known of the mode of 
action of radium on the living cells of an animal 
for it to be possible to place the matter of treatment 
upon the basis of a theory acceptable to all. 

The British Medical Journal's comment upon Lord 
Lee’s recent speech contains the following sentence : 
‘We cannot claim to understand the action of X-rays 
and of the radiations from radium upon cancer cells, 
until we have some knowledge of their actions, not 
only upon normal cells but upon cell constituents 
and cell metabolism.’’ This article 1s an attempt to 
describe the little that we do know of the effect of 
radium radiations upon cell constituents and cell 


metabolism. 
Gamma Rays. 


[t is well known that radium emits several kinds 
of radiation. It shoots off alpha particles, now 
known to be changed atoms of the gas helium, beta 
radiations, which are streams of electrons, and also 
gamma rays, which are like the most penetrating of 
X-rays. The gamma rays are the most useful in 
treatment, being far more penetrating than the other 
types of radiation ; they are also less damaging and 
less likely to produce burns on the surface. If the 
radium is enclosed in a thin platinum container, only 
the gamma rays can escape to any extent, and this 
is the form in which radium is commonly used tor 
treatment and for the experiments described later. 
Naturally, from the experimental point of view it Is 
an unnecessary complication to expose the cells to 
several types of radiation at once until one knows what 
result to expect from each type separately. 

A good deal of the work which has been done sutters 


in importance and interest from the fact that mixed 
radiations have been used, and also from too much 
vagueness in stating the distance of the radium from 
the experimental object. The intensity of the 
irradiation received by the growth, or whatever the 
object in question is, depends so much on its distance 
from the radium that no conclusions can be drawn 
from any descriptions of experiments in which this 


point is not clearly stated. 
The Study of Cells. 


The actual effect of the gamma rays of radium 
upon living cells is complex and puzzling enough 
studied under the simplest possible 
conditions. That a sufficiently large dose of gamma 
rays will eventually kill the cells we know, but we 
do not know exactly how their death is brought about, 
and we know little indeed of what happens to cells 
which are affected by the rays without being killed 


even when 


by them. 

The simplest conditions suitable for this study in 
connexion with the higher animals can perhaps be 
obtained by the use of the tissue culture method. 
The tissue culture technique is now used for a great 
deal of experimental work in which it is necessary to 
Briefly 


expressed, it consists in taking from a newly dead 


keep living animal cells under observation. 


animal, often an embryo (for instance, a chick still 
in the egg) a very small piece of the tissue or organ 
to be studied, and placing this in a medium suitable 
for its continued life and growth. 

The medium used in these experiments often 
consists of blood plasma and a watery extract of 
embryo tissues, a kind of raw meat juice, and almost 
every tissue and organ of the animal body has been 
found to live and grow in it. Bones, nerves, heart 
muscle, intestine, kidney, blood cells and even minute 
eves and ears have been made to grow under these 
conditions, and when necessary this growth can be 
made to continue for many years. Moreover, the 
normal functions of the cells in these cultures are 
certainly retained to some extent; the fragments of 
heart muscle continue to beat, and strips of intestine 
show movement. The value of the method lites in 











40] 


the fact that the cultures can be observed at frequent 
intervals under the microscope. Although they are 
alive they are separated from the body as a whole 
and can be considered individually. 

In the case of the radium experiments it is par- 
ticularly necessary to use cells separated from the 
influence of the rest of the body. It is well known 
that when a tumour is treated with radium it can be 
made to disappear with a dose of radium far below 
that which would be necessary to kill the tumour cells 
by direct action. This does not apply to tumours 
only, but a good deal of the investigation has naturally 
been carried out with tumours, 
experimental ones in animals. 


including the 


* Repairing ” the Body. 


Part of this indirect killing effect which makes 
cells in the body die far more easily than they would 
outside it has been found to be due to blockage of 
the blood vessels in the neighbourhood, causing 
starvation and suffocation of the cells. In part it is 
possibly due to the repair processes of the body, the 
radium treated portion becoming overgrown with 
scar tissue. It is obvious that we cannot under these 
conditions decide which effects are produced by the 
action of radium on the cells, and which are indirect 
and due to the loss of blood supply and possibly to 
other factors not yet understood. 

When we come to determine the effect of radium 
on the metabolism of a given piece of tumour, organ 
or tissue, we must separate this experimental portion 
from the body. Otherwise it will be _ practically 
impossible to distinguish its metabolism from that 
of the whole of the rest of the body. The piece can 
either be exposed to radium while it is still in the 
animal and removed shortly afterwards for culture, 
or it can be exposed to radium after it has been 
removed and placed in a culture medium. 

The word “ metabolism ”’ is taken here as meaning 
all the chemical activities of the cells under observation. 
This includes the breakdown and burning of sugar, 
proteins and fats and also the building up of these 
materials ; certain specialized chemical processes, such 
as the formation of thyroxin by the thyroid ; mineral 
metabolism, concerned with the utilizing of calcium 
and other salts; and finally the respiration of the 
cells, that is their uptake of the oxygen which is used 
for burning the sugars and other materials and their 
output of carbon dioxide, which is one of the burned 
products. Only a few of these processes have so far 
been investigated with regard to the effect of radium 
upon them, but what is known is interesting, and is 
already helping a little towards getting a more complete 
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picture of the hfe and eventual death of cells after 
radium treatment. 

Tissues in a culture grow by division of their cells 
as they would in the body. While they are growing 
normally each dividing cell will form two daughter 
cells exactly like itself, containing the same substances. 
Each in the end will be the same size as the original 
cell. The increase in bulk of a tissue growing like 
this in culture can be very rapid. Apart from this 
actual multiplication of the cells composing it, a tissue 
culture can grow in area by the wandering out of 
cells from the little fragment first planted into a thin 
and much more extensive layer. They spread them- 
selves out. The energy for this wandering, and the 
material for building up the new cells when they 
are formed by cell division, have to be obtained from 
the medium, which is renewed at intervals of about 
two days to keep the cultures healthy and well supplied 
with food. 

After a small dose of gamma rays, growth by cell 
division stops for a short time, but the cells recover 
and growth is resumed. After a large dose, division 
stops altogether after a few days, but the cells are 
obviously still alive, as they continue to wander 
about, and their appearance under the microscope 
is not abnormal at first. It is a curious fact, and one 
that we are far from explaining, that these cells will 
eventually die, perhaps as much as three weeks after 
the exposure to radium. The dose of gamma rays 
needed to kill a culture at once, so that no wandering 
out of the cells occurs, is enormous, and as the dose 
decreases the interval between the raying and the 
death of the culture becomes larger. The actual 
cause of death from exposure to radium is still under 
discussion, and the reason for the delayed death 
remains obscure. It is difficult to see why a cell 
should be able to wander about actively for three 
weeks or so after it has received its fatal dose, and 
yet die in the end. Studies of the changing appearance 
of these slowly dying cells have been made, but little 
is known of the changes in their metabolism which 
must surely be proceeding at the same time. 


Respiration of the Tissues. 


One important fact has been reported by several 
research workers; this is that the respiration of 
tissues exposed to fairly large doses of gamma rays 
is very much impaired. This has been shown to 
happen not only after the treatment of isolated pieces 
of tissue with radium, but is probably also true of 
tissues taken from an animal which has been rayed 
during life, or from a developing chicken’s egg similarly 
treated. It is thus an effect which must be taken 
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into consideration. Anything that interferes with 
the breathing of the whole body is obviously dangerous, 
and the same is true of interference with the respiration 
of the tissues of which the body is composed. 

When abundant sugar is present, as it nearly always 
is in the live animal and can easily be in tissue cultures, 
the breakdown of sugar is apparently the source of a 
great deal of the energy required by the body cells. 
The breakdown of sugar involves the production of a 
fairly strong acid, lactic acid, which is usually “‘ burnt ”’ 
away by combining it with oxygen. When raying with 
gamma rays has injured the respiration (that is, the 
utilization of oxygen) of the cells, this acid will no 
longer be burnt away. It is quite likely that, in the 
body and with a good circulation, the acid is carried 
away by the blood and does not harm the cells. But 
since after irradiation the blood vessels are injured 
and the circulation bad in the irradiated part, the 
cells are possibly shut off with the acid of their own 
making. 


Effect on the Lungs. 


This may well contribute to the death of the tumour 
or other tissue after exposure in the body to a not 
very large dose of gamma rays. In tissue culture 
the acid will be washed away when the cultures are 
given fresh medium to grow in, that is every two 
days, but meanwhile enough acid may accumulate 
to subject the cells to continual slight injury during 
the rest of their life. Whether this really has anything 
to do with the delayed death after exposure to gamma 
rays we cannot yet say. It has also been claimed, 
that when rabbits are given small daily doses of 
gamma rays, extended over a longer period of time, 
their lungs can become very acid. 

Miners in the arsenic and cobalt mines of Saxony 
are exposed all the time to the action of radium 
emanation from the radioactive rocks in which they 
are working, and an enormous proportion of these 
men develop cancer of the lung. The suggestion has 
been made that the lungs become chronically acid, 
and that this predisposes the lung tissue to becoming 
cancerous. Positive proof of this theory is naturally 
lacking, but it is certain that continual exposure to 
radium and X-rays, insufficient to produce injuries 
at the time, reduces the tissues to a state in which 
they are likely to become cancerous later on. The 
deaths of the early X-ray workers have shown this 
plainly. Perhaps it may be true that a change in 
the metabolism of the tissues, such as formation of 
acid because of damage to their respiration, precedes 
the beginnings of the cancer. 

With a larger dose of gamma rays than is needed 


47 


to injure the respiration of the cells, the power of the 
cells to break down sugar may also be reduced. A 
culture which has received a dose of this magnitude 
is likely to die in about ten days, and it is possible 
that this failure to break down sugar is due to injury 
to the delicate internal structure of the cell. Injury 
to cell structure, by freezing in such a way as to 
produce tiny ice crystals in the cells, has the same 
effect upon the sugar metabolism. These observations 
may not apply to all tissues. 

There is some evidence that the breakdown of 
protein can proceed normally even after these large 
exposures to radium; this type of metabolism must 
be very insensitive to gamma rays. Cancer tissue, 
and the normal tissues which are very active in their 
use of sugar for the purpose of obtaining energy, thus 
suffer in two ways from the effects of radium on sugar 
breakdown. With a given exposure to radium their 
power to remove the acid coming from the sugar is 
impaired, and with a larger exposure their power 
to break the sugar down at all is lessened. It is 
doubtful, however, whether these occurrences can 
account for the death of cells in the very favourable 
conditions found in tissue culture. 

There are two further possibilities to consider. 
It is known that injuring tissues by burning or 
wounding causes the liberation of a substance which 
is poisonous to the body and which is responsible, 
in part, for the shock which accompanies these injuries. 
The suggestion has been made that after a cell has 
been injured by gamma rays, it forms this substance, 
and that it and neighbouring cells are gradually 
poisoned. 

Another 
the building up processes of metabolism are much 
inhibited, and that it is this rather than injury to the 
breaking down processes which leads to the death 
of the cell in culture. A failure in respiration might 
easily affect these building-up processes. A _ cell 


suggestion is that after irradiation 


unable to build up new living material from the 
foodstuffs surrounding it would first of all be unable 
to divide and form more cells, and next would itself 
wear out and die because it is unable to renew its 
own structures. This sequence of events is found in 
tissue cultures after exposure to radium. 


Unsolved Problems. 


Unfortunately this side of the metabolism of tissues 
in culture has been very little investigated, and this 
suggestion and the preceding one must remain mere 
hypotheses until we have obtained more knowledge 
of the effect of radium on the chemical activities 
of cells. 
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Studying the Australian Aboriginal. 
By J. B. Cleland, M.D. 
Professor of Pathology, University of Adelaide. 


New studtes of the Australian aboriginal have lately been carried out by a series of expeditions from the University 


of Adelaide. 


Unusually intimate contact was established, and the natives willingly submitted to exhaustive tests 


which have yielded important results. 


WHEN William Dampier, buccaneer and navigator, 
touched the north-west coast of Australia in 1688, he 
said that the inhabitants of this country were “ the 
miserablest people in the world. The Hodmadods 
of Monomatapa, though a nasty people, yet for wealth 
are gentlemen to these, who have no houses and skin 
garments, sheep, poultry, and fruits of the earth, 
ostrich eggs, etc., as the Hodmadods have; and 
setting aside their human shape, they differ but little 
from brutes. Their eyelids are always half-closed, 
to keep the flies out of their eyes. They have great 
bottle noses, pretty full lips, and wide mouths.” 

On the other hand, a hundred years later Governor 
Phillip, during a voyage of exploration round the 
shores of Port Jackson, was so struck by the manly 
attitude of defiance adopted by one of the natives 
as he stood on a rocky promontory and ordered the 
boat’s crew away, that he called the spot where this 
incident occurred ‘“‘ Manly Cove,’ and as Manly it is 
known to this day. Since then opinions as to the 
status of the Australian aboriginal have _ varied. 
There was a period when he was looked upon as being 
one of the lowest forms of humanity and as having 
lagged behind almost all other races in his evolution. 

Through the generosity 
of the Rockefeller Foun- 
dation, members of the 
University of Adelaide 
have recently had 
opportunities for 
obtaining an insight into 
the normal life and men- 
tality of this interesting 
race, and have formed 
a high opinion of it. 
These short vacation 
expeditions have com- 
prised extensive work in 
several directions, more 
particularly in_ physical 
anthropology. By means 
of blood grouping they have found that the Australian 
aboriginal is unique among the races of the world 
in possessing only two blood groups, lacking entirely 
the agglutinable substance B in the red cells. This, 





BREATHING INTO A GAS BAG. 


rhe natives were required to remain perfectly still from dawn until noon, while 
the experiments were carried out. The photographs are by Proiessor Hicks. 


of course, is strong evidence in support of the purity 
of the race of the Central Australian native, as if he 
had any alien blood in his veins it is almost certain 
that the agglutinable substance B would have been 
thereby introduced. These people were found to be 
admirably suited to their environment and were able 
to gain a flourishing existence when white men under 
similar circumstances, without the resources of 
civilization behind them, would perish. 

In their natural state the natives live on large and 
small marsupials and other mammals, and now par- 
ticularly on the introduced rabbit, on lizards, large 
white grubs that live in the roots of various trees and 
shrubs, and on various roots and underground tubers, 
with occasional feasts of native honey and a few 
edible fruits. 

Members of the expeditions have found the aboriginal 
a very pleasant fellow, with a keen sense of humour 
and quite a high social code of ethics. They have 
been exceedingly fortunate in the close contact that 
they have been able to make with natives living 
under wild conditions. 
due to Mr. Kramer, Missioner of the Aborigines’ 
Friends’ Association, who spends his lifetime on the 
outskirts of civilization 
doing what is possible to 
protect the natives and 
looking after their 
interests. They seem to 
have a particular regard 
for Mr. Kramer, and to 
trust him implicitly. As 
he told them that our 
objects were pacific and 
that we were anxious 
to do what could be done 
to benefit the natives, 
they accepted us without 
any hesitation as friends, 
and submitted in a most 
extraordinary way _ to 
tests and other trying conditions to which they were 
subjected during the course of the enquiries. This 
attitude has been perhaps most strikingly shown 
during the work that Professor C. Stanton Hicks 
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has carried out on the metabolic requirements of the 
natives and on their physiological reactions. He 
required the natives to remain perfectly still, breathing 
into a large gas bag with their noses clipped and 
surrounded by fearsome- 

looking apparatus, from ia me 

dawn till noon. More- bi 
over, during this daily 
period when two natives 
were being examined, 
one was given food at 
breakfast time and the 
other was given none, 
and yet the fasting man 
continued to do as he 
was directed to do, even 
though food is perhaps 
what a native covets 
On arrival at the 





a 


most. 
camp these people had 
been simply told what 
we wished them to do, and without the slightest 
questioning they did exactly as we desired. 

Again, a series of face and bust casts were wanted 
as records of the physical appearance of the natives. 
For this it was necessary for the savages, who were 
living without any clothing whatever, to lie down on a 
plank while some fluid plaster of paris was applied 
to the face after shaving. This was also applied 
to the trunk, and then manipulated into the various 
impressions, two slits being left for the open eyes and 
two small orifices for the nose. They had to keep 
absolutely quiet for a period of about half-an-hour, 
until the plaster set. Here again they submitted to 
the necessary operations without a murmur and 
quite as a matter of course. 

This docile behaviour casts quite into the shade 
their ready submission to such minor operations as 
taking blood from the lobe of the ear for the purpose 
of blood-grouping and obtaining the various detailed 
measurements required by the physical anthropologist. 
Investigators in other parts of the world have, however, 
met with considerable trouble in obtaining blood for 
the purposes of blood-grouping, the people concerned 
being afraid that some malicious use might be made 
of it. The Australian native, on the other hand, has 
not shown the slightest evidence of suspicion in this 
respect. 

There is probably no other race in the world which 
would show such a singular spirit of co-operation 
with investigators, carrying out complex tests with 
bulky apparatus. Why they are so ready to assist 
it is hard to ascertain. It was thought that the 


MEASURING OXYGEN CONSUMPTION. 
Professor Stanton Hicks estimating the rate of oxygen consumption by means 


ot a portable metabolimeter. The native js a tribal chief. the 
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oxygen they inhaled during Professor Hicks’ experi- 
ments might give them a feeling of well-being, and 
that they might believe that thereafter they were 
endowed with special properties which they lacked 
before. But they could 
hardly believe that any 
special virtues could be 
derived from the tem- 
porary encasing in plaster 
there 
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of paris; and 
certainly seemed no 
particular advantage in 
having a needle jabbed 
into the tissues of the 
ear for the purpose of 
obtaining their blood. 
They had _ been con- 
gregated from _ their 
nomadic wanderings, and 
expedition, of 

course, had undertaken 
to feed them during their stay; it could hardly be 
considered, however, that they submitted to the 
various tests for fear that their food supplies would 
be cut off. It seemed clear to members of the 
expedition that a considerable amount of etiquette 
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attaches itself to the daily avocations of the natives, 
and it is probable that they submitted in the way 
they did because it was considered to be part of our 
etiquette ; under the circumstances they were anxious 
to do what we considered the right thing. It might 
be added that we ourselves were particularly careful 
not to cause inadvertently any breach of native 
etiquette on our part. It is possible that they looked 
upon the members of the expedition as_ superior 
beings whose wishes it would be ridiculous to question. 

In his wild state, except during periods of drought, 
the Central Australian native is a fine specimen. 
He has no clothing to serve as a protection against 
the weather which, though hot in summer, may be 
below freezing point during the nights of spring, 
autumn and winter. Vanity, however, is a _ con- 
spicuous trait. The pubic tassel, frequently worn, 
is obviously for decorative purposes, as are the hair- 
bands round the head. OCheloid scars, often of 
considerable size and the results of deep gashes, are 
highly prized by their possessors, and even small 
boys may adorn their chests with reticulate design 
made by applying a fire-stick. Yellow Cassia flowers 
may be stuck in the head-band and a straight stick 
thrust through the pierced septum of the nose. The 
purple spore-powder of a stalked puffball, Podaxon 


by name, may be applied as a powder-puff to features 
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already dusky. During ceremonials elaborate designs 


may be outlined on the body by pipe-clay and 
red-ochre or the milky juice of an Euphorbia, or by 
eagle-down fixed by human serum obtained by 
puncturing an arm-vein and letting the blood clot. 
Some of the children wear necklaces of human 
hair-string to which the red bean-seeds of Erythrina 
vespertilio are attached, or a woman’s locks of hair 
may have the capsules of the bloodwood, a species of 
Eucalypt, pendant from them. These various adorn- 
ments, though not all perhaps beautiful in the eyes of 
Europeans, add a picturesqueness to the physical 
beauty of these almost primeval men. But when 
these people come into contact with civilization, they 
naturally desire to conform with European standards 
of adornment. 


will make a caricature of an Adonis, and the incentive 


Cast-off clothing in all its raggedness 
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to work hard for a living, in searching for food in his 
natural surroundings, gives way to the desire to 
hang round the outskirts of civilization and pick up 
All this, together 
with loss of the control exercised by the gerontocracy, 
spells inevitable disaster to the race. May some at 
least of this lovable people be allowed to continue 
their existence, untouched by the unfortunate influence 
that our well-intentioned endeavours 
their lot seem bound to inflict upon them. 

It is greatly to be desired that the few reserves 
that have been obtained for them may be kept intact, 
and that detribalization may be prevented by a 
rigorous exclusion of Europeans. Their ways are not 
and the new wine of modern civilization 
cannot be contained in the old bottles of aboriginal 


the food-leavings of the white man. 


to alleviate 


OUr Ways ,; 


society. 





Research on Lighting. 


NEW research on methods of lighting is being carried 
out in Berlin by Professor M. Pirandi and Dr. H. Ewest, 
and two new forms of lamp have been produced. One 
is a sodium vapour lamp for outdoor use, and the other 
a combination of a mercury vapour tube and two 
incandescent lamps for interior use. A photograph 
of the latter is reproduced. 

The problem of light production is, of course, a 
question first of setting up radiations having wave- 
lengths falling within the visible spectrum, and 
secondly, of grouping the radiations to give an effect 
as nearly as possible equivalent to natural daylight. 
Since an atom consists of a 
nucleus and a number of elec- 
trons revolving round it in well 
defined orbits, if sufficient 
energy is given to the atom, it 
is possible to cause one of the 
electrons to be displaced from 
its normal orbit. The electron 
tends, of course, to return, and 
on doing so, the energy which 
was previously supplied is given 
up again and appears as a 
radiation of one or more certain 
definite wavelengths. These 
may or may not fall within the 
visible spectrum, depending on 
the element in question and 
certain other factors. Under 
ideal conditions it is possible 
for the atom to give back all 
the energy it receives from the 





A MERCURY VAPOUR LAMP. 


The nearest approach to davlight in artificial lighting, 


electron as a radiation. Experiments show that in 
the case of sodium about 70 to 8o per cent. of the energy 
of the electrons appears as light. In order to obtain 
this high efficiency it is necessary to have a very low 
vapour pressure of the sodium, and this leads to the 
possibility of electrons travelling for long distances 
without meeting a sodium atom. In the construction 
of sodium vapour lamps this difficulty is overcome by 
introducing a rare gas into the tube. 

In the case of mercury, and kindred elements, the 
higher series of spectral lines fall in the visible spectrum. 
Mercury has been found entirely suitable for light 
production and gives the well- 
known bluish-white light and 
in addition, some ultra-violet 
radiation. <A special glass is 
necessary for the tube if this 
radiation is to be made use of. 
Contrary to the case of the 
sodium lamp, it is found that 
a slightly better efficiency and 
also a nearer approach to day- 
light is obtained at higher 
pressures. As there is no radia- 
tion corresponding to a red 
use the lamp for 
interior lighting it is necessary 
to combine it with some other 
source; by using it with or- 
dinary incandescent lamps, 
however, quite a good approxi- 
mation to daylight can be 
obtained. 
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Journal entitled “Is the Earth Drying Up? ” 


Discovery—February, 1933 


The Riddle of Asia, 


By P. S. Nazaroff. 
Translated trom the Russian MSS. by Malcolm Burr, D.Sc. 


lhe apparent drying up of Central Asia has long been a matter for speculation. 


Some first-hand views on this 


interesting problem are here offered by a distinguished Russian geologist who has lived for thirty years in Turkestan. 


IIGHTEEN years ago the late Professor J. W. Gregory 
contributed a scholarly article to the Geographical 
With 
characteristic clarity he discussed evidence gathered 
from all parts of the world, but devoted special 
attention to Central Asia, where the problem has been 
studied in considerable detail. ‘‘ Archaeological and 
historical evidence,’’ wrote Professor Gregory, “‘ shows 
that Central Asia had a very arid climate in the earliest 
times of which we have human record.”’ 


A Popular Belief. 


I have made my home in the heart of Turkestan 
for thirty years, and I know how widespread is the 
belief that the centre of the continent is gradually 
drying up; that this relentless process has been the 
cause of the destruction of a flourishing civilization, 
and that it has converted a prosperous country into 
a waterless expanse of sand. In Chinese Turkestan 
the vast desert of Takla Makan conceals rich cities 
and the remains of a highly gifted and cultured people. 
It is widely believed that this sandy waste was once 
the bed of an ancient sea, and the tradition is firmly 
rooted in the beliefs of the Chinese who call the sea 
Han Hoi. 

At first glance this explanation has much in its 
There is an abundance of salt in the soil, 
Moreover, 


favour. 
apparently the remains of marine deposits. 
the vast expanses of drifting sand, covered in places 
with shifting dunes, would be capable of enveloping 
a town. In the centre of the depression there remains 
to this day a swampy lake. This is the mysterious 
Lob Nor, the end of the Tarim river, which collects 
a series of streams—the Kashgar, Yarkand and 
Khotan Darias, the Ak Su, and others. Surely this is 
evidence in favour of the Chinese tradition? Even 
further west, it is common knowledge that the Sea of 
Aral and the Caspian are relics of a once much vaster 
sheet of water and that they are still shrinking. 
Indeed, the whole of southern Russia was under 
water until comparatively recent geological times. 

One German scientist goes so far as to account for 
the Flood by the outburst of the sea of Han Hoi 
through the Tian Shan mountains, which had dammed 
it back into the plains of Turkestan, Persia and 
Mesopotamia. I have listened to a lecture by a 


well-known Russian botanist who attributed the 
glacial moraines and lacustrine muds which he had 
observed in the Tian Shan to the action of the mythical 
Han Hoi of the Chinese. It is odd that a distinguished 
Russian geologist, Obruchev, has used the term 
Han Hoi to describe some Tertiary deposits in the 
Tian Shan and Gobi Desert without implying the least 
connexion with the mythical sea of the Chinese. 

One thing is certain. This area was once not only 
prosperous but highly civilized. Kozloff, LeCoq and 
Sir Aurel Stein have excavated a series of ancient 
cities containing libraries which are evidence of a 
highly developed art and literature. Serindia, a link 
between China, India and Greece, might well have 
been the birthplace of a world-wide civilization, 
compared with which our own is primitive. 

In the plain of Kashgaria, in the district of Maral 
Bashi, there are ruins of ancient towns where numerous 
Uigur manuscripts were found dating from the seventh 
to the thirteenth centuries. Chinese manuscripts also 
were discovered near Lob Nor. The most interesting 
ruins of all are those of Khotan, where there were 
revealed complete libraries in several languages, 
including Brahmi, Kharoshthi, Tibetan, Chinese and 
even Hebrew, the latter coming from the Jews of 
Persia. It is interesting to find that some of the 
old manuscripts discovered by Sir Aurel Stein, dating 
from the second century of the Christian era, were 
written on paper; to the present day Khotan is 
famous for the strong, good quality paper made 
by the natives from mulberry bark. 


Buried Treasure. 


On the site of the old city of Khotan, where now 
stands the village of Totkan, the natives find sandal- 
wood buried beneath a thick layer of sand. It is still 
so well preserved that it is used in the tanning of 
leather. What is even more remarkable is that 
the natives still find cases of tea so well preserved 
that they can drink it—striking evidence of the 
preservative power of hot, dry sand. In _ the 
same neighbourhood at a depth of about twenty 
feet a strange deposit of gold was recently discovered 
when digging a canal. The natives started to wash 
the gold which is of peculiar character, occurring 
in very thin flakes. 
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The riddle of the origin of this deposit is to be 
found in a book written by a Chinese traveller Fa Yen, 
who passed through this region on his way from China 
to India four centuries before Christ. He tells of the 
rich city which then stood on this spot, with a large 
population and many Buddhist temples, their gilded 
domes glistening against the cloudless sky. The town 
disappeared, the temples were ruined, their thickly 
gilded roofs collapsed and were buried beneath the 
sand. The copper was oxidized and was dissolved by 
the percolation of water or scattered by the wind, 
but the thin flakes of gold remained; and now, 
a millenium and a half later, the impoverished and 
ignorant descendants of this cultivated people strive 
to recover these 
fragments of their 
countrys ancient 
wealth and glory. 

In Western Tur- 
kestan, too, there are 
several such ancient 
cities known, the 
ruins of which are 
preserved by the arid 
climate. About 
several of them we 
historical 


pe SSess 


A caravan laden with silks and carpets from Khotan, bound for Yarkand and India. It is 
widely believed that this desert was once the bed oi a sea. sea 


data, telling how 
and when their life 
was blotted out. 
Thus there is Otrar, 
ruined by the 


Mongols. Then there is Balasugun, in Semirechie. 
In the Middle Ages this was a populous and prosperous 
city conducting a busy trade with Western Europe 
But in the twelfth century the 
city was destroyed by a horde of Kara Kitai, and 
converted into a cemetery and a desert. Thus it has 
Asia, indeed, 


and distant China. 


lain for eight hundred years. Central 


appears to be the cemetery rather than the “ cradle ”’ 
of mankind. 

The apparent drying up of a continent and the 
destruction of a captured the 
imagination of the Americans that early in the century 
they equipped and _ despatched the Pumpelly 
Expedition to investigate the problem on the spot. 
The results were an abundant contribution to the 


civilization so 


Turkestan, but 
failed to reveal any process of desiccation. Further, 
investigation completely contradicts the hypothesis 
either of the existence of the great inland sea or of 
the drying up. There are no recent marine sediments 
in the depression since the advent of man. The only 


physico-geographical knowledge of 





CAMELS IN THE DESERT OF TAKLA MAKAN. 
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beds of a later date are the remains of a few lakes in 
the form of old “ muds,” typical lacustrine deposits, 
and loess or wind-blown sediments, both characteristic 
of desert conditions. 

Moreover, the so-called bed of an ancient sea is 
itself a lofty plateau. The average altitude of the 
Tarim basin is more than 3,000 feet above the sea, 
while the valley of Kashgar is 4,500 feet, that is, 
about the height of the Rigi Kulm in Switzerland. 
It is, in fact, alpine. The lowest part of the area, 
Lob Nor, is 2,000 feet above the sea. The country 
became dry far back in its geological history ;_ since 
then the amount of atmospheric precipitation has 
varied periodically owing to various factors. L. Berg’s 
observations on the 
level of the Sea of 
Aral have shown not 
only that that part 
of Asia is not drying 
up at the _ present 
time, but that the 
amount of precipi- 
tation is actually 
increasing. 

Central Asia _ has, 
in fact, been an arid 
since the 
of the Ter- 
tiary Epoch, having 
no drainage to the 
On three sides 
there rise the loftiest 


region 
middle 


of mountain chains, the elevation of which is still 
continuing. These completely isolate the region from 
the atmospheric comes from the 


moisture which 


ocean. It 1s impossible to imagine, with the late Dr. 
Tinkler, that a mere three thousand years ago the 
orographic, geological and climatic conditions of 
Central Asia were totally different, and capable of 
such would be 
necessary to water so vast a forest over the area 
occupied by Takla Makan. 

Such a hypothesis demands that the western and 
southern mountain barriers, representing the most 
massive systems in the world, should cease to exist. 
If we look at a map of this part of Asia, we 
see at once that only an insignificant portion of the 
area 1S dependant 
for irrigation upon water flowing down from the 
mountains within the region. In the valleys of the 
rivers there are only sandy tracts of scrub. Here 
and there, where there is underground water 
not far below the surface, there is vegetation, but 


producing heavy precipitation as 


occupied by cultivated oases, 
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in Takla Makan the underground water is very deep 
or totally absent. 

What vast quantities would be required for the 
natural irrigation of this boundless sea of shifting 
sands, and whence could it all have come three 
thousand years ago? That is a negligible space in 
geological time. It does not even cover the historical 
period. Why is there then no tradition of the trans- 
formation of a watered and wooded area into an ocean 
of shifting sands? Remains of cultivated plants two 
thousand years old have been found, so why are there 
no traces of great forests? It is not the operation of 
nature which has ruined the land, but the act of man 
himself. The fate of the once flourishing city of 
Otrar gives us the clue. 

Nowhere else in the world, perhaps, is the fate 
of human life and culture so completely dependant 
upon artificial water supply as in Central Asia. There 
irrigation has been carried to an art. Instances occur 
in Turkestan to this day of the transformation of a 
flourishing district into a desert, or of a desert into a 
land of plenty, by the destruction or construction of 
aryks or irrigation canals. 

The first act of the invader in Central Asia has 
always been to cut off the water supply and to destroy 
Then the towns and countryside become 

If the population is wiped out too, the 
It would be 
quite enough, for instance, to cut the canals of Bos Su 
and Zakh for the whole of the flourishing district of 
Tashkent to be converted into a sun-baked desert 
in the course of a year or two. 

The art of irrigation by canal in Central Asia dates 


the canals. 
an easy prey. 
locality is turned into a desert for ever. 


from the remotest times and has come down by 





THE ROAD TO KHOTAN, 


The most interesting of the ancient ruins in Kashgaria are those of Khotan, where 
complete libraries in several languages have been revealed 
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HORSES ON KARAGOR WKULL. 
Herds of horses used to graze on the pasture lands of the Kelpin district. These 


photographs were taken by Mr. C. P. Skrine. 

tradition from the dawn of culture. The Sarts are 
particularly expert at the construction of canals. 
When I was riding from Kashgar into India I 
observed the oasis of Kok Yar in Kashgaria. The 
whole district is very sandy and evidently this locality 
was once a desert, reclaimed by irrigation. There is 
not even a vague tradition of when this was done. 
Some little way out of the town I came to a deep 
river flowing between steep banks covered with dense 
vegetation. At one place the road crosses the river 
by two bridges at a point where it is divided by a 
small island into two arms. To the left high dunes 
approach the road, but even here green could be seen. 
It all looked perfectly natural, yet this was not a 
river but a man-made aryk of unknown antiquity, 
made by long-forgotten hands in the past, and now 
accepted as natural. Only at its “head, above 
Yarkand, where it taps the river Tiznaf, does the 
canal reveal its artificial origin. If the head were 
destroyed, the remaining rivers in the Yarkand oasis 
and the whole country would rapidly dry up, all 
vegetation would wither, and the sand, now bound 
by the roots, would begin to move again at the caprice 
of the winds and overwhelm the remnants of 
civilization. The land would resolve itself into an 
indistinguishable part of the lifeless desert of Takla 
Makan. 

Nowhere in Central Asia is the complete dependence 
of man upon canals so clearly shown as in the rich 
and prosperous oasis of Yarkand. As in the west of 
Europe the enterprising Hollanders have won their 
land inch by inch from the sea itself, so here in the 
deserts of Asia have the ancient Uigurs, or perhaps 
the mysterious Homo alpinus, conquered their fertile 
soil from the engulfing ocean of sand. 
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Embryos and Racial Memories. 
By E. W. MacBride, F.R.S. 


Professor of Zoology, Imperial College of Science. 


An English translation of Professor Bernard Diurkhen’s important book,‘ The Experimental Analysis of Develop 


ment,” has just been published. 


It offers a fitting occasion to review the progress of experimental embryology and te 


summarize the more outstanding conclusions arrived at in this science. 


PROFESSOR BERNARD DURKHEN, of the University of 
Breslau, stands out as one of the small band of 
distinguished European investigators who have brought 
experimental proof of the inheritability of acquired 
habit, a discovery which is irreconcilable, as he 
clearly with certain crude and _ fashionable 
doctrines of heredity. Like other great experimental 
embryologists he has been driven to adopt a vitalistic 
position, that is, to assume the existence and activity 
of a principle in living matter which is entirely absent 
in dead material. 

The translators of Diirkhen’s “ Experimental 
Analysis of Development ’* are to be congratulated 
on the excellence and clarity of their work. They 
have conferred a great benefit on all English-speaking 
biologists, for even Germans themselves confess that 


says, 


the structure of their language necessitates a slower 
sequence of thought than is required in English. The 
phraze *“‘ Entwicklungsmechanik ”’ in the title of the 
German edition seems to suggest the assumption that 
everything appearing in the living embryo is the 
result of the arrangement of its molecules. But 
Diirkhen is careful to point out that this is not so, and 
to distinguish between a ‘‘ mechanical’’ and a 
‘mechanistic "' process. 

By the latter term is meant a process which is the 
result of the interaction of unlike chemical substances 
in definite relation to one another—as Driesch has 
‘a fixed constellation of parts.’’ By 
‘ mechanical ” process is merely meant a process which 
takes place according to regular laws; nothing is 
implied as to its comparability with processes taking 
place in the test tube in the chemical laboratory. 


expressed it, 


Early Theories. 


The first attempts to explain embryonic development 
regarded it as a series of memories of past conditions 
of the race. This conception, we are firmly convinced, 
embodies a large measure of truth. But Haeckel, its 
first expounder, who formulated it in his celebrated 
Biogenetic Law, indulged in such wild and fantastic 
hypotheses as to bring discredit on the whole idea. 
This led to a reaction initiated by His, who strove to 
explain development as due to the unequal growth of 





* Translated by H.G. and A.M. Newth. (Allen and Unwin. 148... 


the various parts of the germ and the compression of 
one part by another. Of course, this only raised the 
further question, why the parts of the germ should 
develop unequally. 


Secrets of Development. 


Roux, the first great experimenter, endeavoured to 
solve this question by killing one of the first two 
blastomeres of the frog’s egg with a red-hot needle 
and observing how the other half of the egg behaved. 
Roux observed that it developed into a half-embryo, 
and he concluded that each cell into which the fer- 
tilized egg developed had a fixed part to play in building 
up theembryo. Hertwig put a different interpretation 
on Roux’s results, and said that the appearance of a 
half-embryo was due to the frustration of the effort 
of the surviving cell to mould itself into a whole embryo 
by the cumbering presence of the dead sister. On the 
whole, however, Roux sustained his contention that a 
definite half-embryo was formed. 

These results supported Weismann’s conception of 
development according to which in the nucleus of the 
fertilized egg there was included a definite structure 
of different parts called “‘ determinants,’ one of which 
corresponded to every separately inheritable part of 
the adult. At every cell division during the 
development the determinants for different parts were 
separated from one another, and the nuclei became 
progressively simplified, until each contained only the 
determinant necessary to fix the structure of the cell in 
which it lay. Certain nuclei, however, retained their full 
complement of determinants in every division, becoming 
the nuclei uf the germ cells of the next generation. 

Diirkhen points out that the “ gene theory ” of the 
extreme Mendelians of the Morgan school is only the 
Weismann doctrine of determinants in another form. 
Every peculiarity of the adult which can be separately 
transmitted to the descendants is supposed to be 
represented by a “ gene,’’ an actual material particle 
in one of the chromosomes of the nucleus of the egg : 
an individual, therefore, is merely a bundle of genes. 
Morgan, however, has the difficulty, unrealized by 
Weismann, that the nucleus is now known not to 
undergo simplification during the progress of develop- 
ment: the chromosomes remain the same in number, 
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relative size and shape through the whole period of 
growth ; and some peculiar hitherto unexplained 
‘mechanism ’’ must be imagined which activates the 
gene in one part of the embryo and not another. 

Diirkhen regards the Mendelian gene theory as a 
convenient artifice for representing the results of 
cross-breeding of domestic races, but one which in 
no way corresponds to the reality of the processes 
which go on. 

The whole theory of ‘ determinants ”’ 
rude shock with Driesch’s work on the star-fish and 
sea-urchins. Driesch proved that up to the four-cell 
stage at any rate one blastomere of the egg could 
develop into a complete embryo of reduced size, deficient 
in none of its parts, and that up to the sixteen-cell stage 
the arrangement of the cells with regard to one another 
could be destroyed so that cells normally forming the 
side of the embryo formed its front and back; yet 
the distorted ball of cells gave rise to a_ perfectly 
normal embryo. 

Driesch concluded that the embryo was not a 
machine made up of different parts, but a ‘“‘ harmonic- 
equipotential ’’ system in which each part could do 
everything : ina word, any part could in an emergency 
take up and carry out the duty normally assigned to 
its neighbour. Since disarranged cells can merge into 
a harmonious whole and form a typical embryo, there 
must be some regulating principle which directs the 
development to a fixed end; 
does not create but merely utilizes energy, is what 
Driesch calls the “ entelechy,’’ and this is the backbone 
of the vitalistic theory. 

But Driesch fully realized that as development went 
on, equipotentiality diminished. So long as the egg 
is in the shape of a hollow ball or blastula, any portion 
of it cut off may develop into a complete embryo, but 
once it has passed into the shape of a double-walled 
cup or gastrula, then this is no longer possible. Until 
the body cavity vesicle is formed, the top of the little 
gut can be cut off and the whole will be regenerated. 
But after this vesicle has been formed, if the top of the 
embrvo be removed, the wound will close but develop- 
ment goes no further. 


, 


received a 


this principle, which 


Marine Creatures. 


We thus have a restriction of equipotentiality, or in 
other words a progressive specialization as development 
goes on. On this subject further work of Driesch 
throws considerable light. He experimented with the 
eggs of ctenophores, beautiful marine creatures like 
transparent globes with eight meridians of cilia. The 
first stage in the development of these animals is the 
production of a circle of eight large cells. Driesch 


35 


found that if any number up to four of the cells were 
removed, defective embryos of seven, six, five or even 
four meridians of celia could be produced. Thus it 
appeared as if each cell were limited in its powers to 
the production of one meridian. Driesch interprets 
this as due to a specialization (stiffening) of the proto- 
plasm, not to a change in the nucleus. Thus the 
contrast between the egg of the ctenophore and the 
egg of the sea-urchin is merely due to the period at 
which this stiffening setsin. In the ctenophore egg 
it occurs before the first division of the nucleus takes 
place. 


Research in America. 


Eggs with early specialization have been much 
worked at by American embryologists. Such eggs, 
including those of the worms and molluscs are termed 
mosaic eggs, but Diirkhen is careful to insist that there 
is every graduation between mosaic eggs and equipo- 
tential eggs. A striking proof that the nuclei of the 
ctenophore embryo remain equipotential is given by 
the observation of Mortensen that these embryos, 
when floating under natural conditions in_ the 
Norwegian fjords, are often rent in half by wind and 
waves, and the truncated forms with four or five 
blastomeres give rise to ctenophores with four or five 
meridians of celia. But the mutilated forms then 
regenerate the missing meridians by the proliferation 
of their existing nuclei. Roux also found that if his 
half-frog embryo remained alive it regenerated the 
missing half. 

After discussing the early development of the egg, 
Diirkhen goes on to discuss the tissues, and here the 
marvellous experiments of Spemann and his school 
in Germany and of Harrison and his co-workers in 
America have thrown a flood of light on development. 
Spemann experimented with the eggs of several kinds 
of newt. When the egg has passed into the form of 
the double-walled cup or gastrula, its opening (the 
blastopore) is posterior and its upper surface is 
flattened. This flattened surface is the rudiment of 
the future nerve tube. Underneath it the upper 
surface of the imner layer of the cup gives rise to the 
notochord, the gelatinous forerunner of the backbone. 

Now Spemann found that if a small piece of the 
blastoporal lip were cut out of the gastrula of a species 
of newt with brown cells, and grafted into the flank 
of the gastrula of a newt with white cells, the brown 
graft would force the surrounding white cells of the 
host to mould themselves into a new additional nerve 
cord and notochord. Harrison found that if the tail 
of a newt embryo were cut off and the little stump of 
new cells which forms as the beginning of a new tail 








50 


were afterwards cut off and grafted into the flank of 


this or of another newt embryo near the growing arm, 
it would not grow into a tail but into an arm. 
these marvels to be explained? Obviously some 
influence proceeds from one tissue which acquires 
control of another tissue and diverts it from the path 
of development which it would have normally pursued ; 
but to call this influence as Diirkhen does a “ biological 
field ’’ after the analogy of a magnetic field is not to 
explain it: unless, indeed, we assume that as the 
magnetic field is a portion of strained space or ether, 


so is the biological field. 
Lessons from the Newt. 


In the case of the newt Spemann discovered by a 
series of operations on the graft that the biological 
field proceeded from the nuclei of the graft but only 
so long as these were alive; the influence is not 
chemical for nothing can be dissolved out of the graft 
which will produce the effect. But surely one con- 
clusion from the experiments is certain. The power 
to produce every part of the body slumbers in every 
nucleus—what part of that power will be called into 
action depends largely on its environment, so that 
even in the embryo of vertebrates the nuclei are 
equipotential. 

In summing up Diirkhen emphasi’es the view that 
both the egg and embryo are organisms not mere 
congeries of parts, and act as wholes; in a word he 
supports the “ holism ’’ of General Smuts and holds 
that the whole controls the development of the part. 
This is doubtless true but it seems to us that we can 
legitimately push our analysis further—and that while 
acknowledging with Diirkhen that a nucleus can no 
more live without protoplasm than protoplasm without 
a nucleus, yet we must agree with Morgan that the 
It is 
true that in many eggs such as those of the nematode 
worm Ascaris, the protoplasm of the ripe egg is so 


nucleus is the source of all novelty in growth. 


strongly specialized that if we remove a portion of it 
we entirely distort the course of development. But 
if we take the same egg at an earlier period of develop- 
ment we find that we can shear off large portions of 
it by centrifugal force and yet the residual part will 
develop into a normal embryo of reduced size. 

Hence we conclude that here too the 
of the nucleus has been the original cause of the 
But 
‘“ organized’ the nuclei for a time play no further 
part in development, other than by sustaining the 
normal processes of assimilation and growth. We are 
intermittent 
organizing influence proceeds from the nucleus to 


influence 


organization. once the protoplasm has_ been 


thus driven to the conclusion that an 


How are 
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the protoplasm, and that the successive outbursts of 
this influence determine new starts in growth. In 
this way the embryo passes through stage after stage 
of development, each stage being marked by a new 
outburst of power of growth. 

We are therefore driven back to the question, what 
The answer can 
only be given by the Biogenetic Law of Haeckel— 
that the stages are more or less modified or obscured 


is the significance of these stages ? 


memories of past phases in the history of the race. 
The vindication of the law in detail would take up too 
much space to be attempted here. Suffice it to say 
that its truth in some cases is so evident that no one 
except for forensic purposes would think of denying it, 
and if it is admitted in some cases, the rational con- 
clusion is that it lies at the base of all developments 
though it may be much obscured. 

In the last resort, therefore, the nucleus is to be 
looked on as a storehouse of racial memories, or if 
we prefer a more materialistic term, powers of growth. 
The wonderful thing is that in development these 
powers come to the surface one after the other to 
organize the protoplasm and alter the direction of 
development ; one dormant nucleus or group of 
nuclei seem to obtain control of the rest and compel 
them to exercise only that part of their powers as will 
ht in with the whole. The entelechyv of Friesch is a 
bundle of memories. 





Science in the Home. 


ONE of the signs of the times is the growing interest of 
the layman in the progress of science. This 1s indicated, 
for instance, in the fact that books on scientific subjects 
for the layman, which previously had a limited sale, 
Another 
proof of this change in the public attitude is to be 


»” 


are now classed among the “ best-sellers. 


found in the schools, where science is no longer the 
‘dry ’ subject it once appeared to be. 

In this connexion we were recently given a demon- 
stration of a set of parts from which a series of optical 
and projection instruments may be constructed within a 
few minutes. They are the invention of a science 
master and are known as ‘‘ Construments.”’ By inter- 
changing the parts, a micro-photographic instrument, 
for instance, may be converted into a lantern projector, 
or a microscope into a kaleidoscope, and so on. In 
these days of economy, when expenditure on scientific 
instruments is necessarily limited, this outfit is likely 
to appeal to educational bodies, and to those for whom 
the cost of scientific instruments for home experiments 
has hitherto been prohibitive. 
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Air Surveying and the Development of Oil Fields. 


By Major H. Hemming. 


Major Hemming has been prominently associated with air surveying since its inception shortly after the war. 


lna 


lecture to the Institution of Petroleum Technologists, on which the following 1s based, he dealt with the latest progress, 
with special reference to the development of oil fields. 


THE possibilities of air-surveying in the development 
of oil fields have already been demonstrated in the 
United States, but the oil industry in the British 
Empire has not yet fully recognized the advantage; 
of these methods of mapping. The air survey 1s, 
of course, of value to the oil geologist in obtaining 
information regarding major and minor land-forms, 
rock outcrops, faults, colour of residual soils, vegetation 
and plant ecology in relation to geology and geological 
mapping. It provides data for the oil-field engineer, 
which may be of great economic importance in the 
selection of pipe-line routes, field railways, sites for 
camps, roads for transport of drilling equipment and 
field supplies, sites for tank farms, pump stations, 
field telephones, supply of timber for construction 
purposes, and the available inland waterways. for 
the marine engineer, the air survey yields information 
relating to coastal topography, suitable sites for sea 
loading stations, submarine pipe-laying, bars at river 
mouths, dredging requirements, existence of currents, 
and general hydrographic data. 

For actual experience in the successful application 
of air surveying to oil-field development, it is necessary 
to turn to the United States. In that country, air 
surveying has become a recognized branch of the art 
of the oil-field engineer and of the oil geologist. It 
is unfortunate that this admission has to be made, 
for in every other quote concrete 
examples of the success attained by the British opera- 
The results at present being obtained 


branch we can 


ting companies. 
in Africa by certain mining companies, using air 
survey methods for prospecting, show very great 
promise indeed. Recently Mr. Donald Gill read a 
paper before the Institution of Mining and Metallurgy 
on ‘“‘ Aerial Survey in Relation to Economic Geology.”’ 
That paper marks an important forward step in the 
progress of air surveying and undoubtedly forms an 
geological aspects of 


authoritative treatise on the 


the subject. 

Aerial Geology. 
Is a very new 
geological tool. United 
States appears to have been confined to prospecting 
for oil in California and Texas. Air surveying is used 
extensively by the United States Geological Survey 


Mr. Gill states that “‘ aerial geology "’ 


Its commercial use in the 


for the preparation of topographic base maps. The 
use of these methods by the oil companies has naturally 
been confined to certain areas of sedimentary rocks 
for ascertaining the position, nature and extent of 
oil structures, and tracing sedimentary horizons. In 
California, the air photographs have located previously 
areas that have been closely 


unknown faults in 


geologized on the ground. 
Many Advantages. 


Mr. Gill states that the saving in time in conducting 
an examination by using air survey methods is put as 
high as from 50 to 80 per cent. This is due to the 
speed with which the contact prints can be delivered 
(as against the preparation of a topographical map), 
and the time saved in the field by having much of 
the normal work of mapping appearing already on the 
photographs, which helps in self location and gives 
the advantage of the “air view.’ Further claims 
are : secrecy, since much information can be obtained 
without having to set foot on the ground; the im- 
provement in the quality of the field work when working 
with and the excellence of mosaics 
for use in studying the results. 

An interesting example of the use of the aur 
photograph was in obtaining data for determining 


photographs ; 


the general route of a proposed adhesion railway to 
follow up a forest-clad Serra in South America, 
The precipitous and broken country, covered with 
matted jungle, made it impracticable for 
the survey to be made on the ground. In fact, it 
was extremely dithcult to obtain the necessary control 
and spot heights for the making of the plan and the 
drawing in of the contours from the air photographs. 
In referring to the work after completion of the air 
survey, the general manager of the railway wrote to 


quite 


the British company responsible for the work and 
said that owing to the difficulty of the ground, it would 
have required the employment of several field parties 
to obtain the same information, that it would have 
taken a much longer time to complete the survey, and 
would have cost at least eight times as much as the 
air survey. 

There is a special application of air surveying which 
is of interest to the oil-fields engineer, when working 
in territory where accurate maps of the district are 
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not available. An air survey of the district will 
enable any existing maps to be both rapidly and 
accurately revied. A study of the revised map and 
of the relative air photographs should enable boundaries 
to be delineated. In areas of which no maps exist, 
the use of air photography enables a map to be made 
far more rapidly than would be possible by using 
ground survey methods only. As already indicated, 
in addition to providing much data for mapping pur- 
poses, the air photographs at the same time record 
data relating to the economic resources of the area 
surveyed. For instance, in a recent air survey made 
in the United States for road development, it was 
found by chance that the air photographs contained 
geological data of great importance to the oil industry. 
It must be emphasized that air photo-surveying does 
not replace ground surveying. The aircraft merely 
provides the surveyor with a platform which enables 
him to view country normally inaccessible to him, 
except at great expenditure of time and money, while 
the air camera faithfully records all and even more 
than he can see. 

All air surveys depend for their accuracy on a ground 
control, if the data from the photographs is to be 
turned into map form, or if a rectified mosaic is to be 
made. It is also necessary to interpret a considerable 
number of photographs on the ground. It may be 
said that in all cases the air photograph considerably 
speeds up ground survey work; in many cases it 
reduces the cost of the work, and if value is to be 
given to all the other information obtained from the 
air photograph in connexion with geology, ecology, 
forestry, and of the general resources and condition 
of the country, then there is no doubt whatever that 
an air survey is in general far more economical than 
a purely ground survey. In the realm of geology, 
aircraft and the air camera can be of great assistance 
to the geologist and the engineer. Close prospecting, 
however, must always be done on the ground; but 
by means of air reconnaissance and by studying the 
air photographs the geologist can obtain valuable 
indications as to where to prospect and how to get 
there by the easiest route. 


Growing Enthusiasm. 


All those concerned with any new enterprise have 
to go through a period of discouragement by vested 
interests, and those concerned with the development 
of air surveying are not yet out of the wood in this 
respect. Sufhcient work has been carried out, however, 
to enthuse a number of geologists, surveyors and 
others, and no doubt the day is not far distant when 
every geologist and surveyor will have to have a 
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general knowledge or air surveying if he is to be 
considered as fully qualified in his profession. 

Visual reconnaissance from the air is often a 
preliminary to a survey by photographic methods. By 
qualified experts making a reconnaissance flight over 
an area, it is often possible to eliminate large parts of 
the area from survey. In Canada, areas of 
unpromising country have been eliminated from close 
prospecting by this means. In Canada, India and 
Burma forest stocking maps have been prepared by 
means of visual reconnaissance and sketching. 


close 


Two Methods. 


There are two methods of photographic surveying 
in use: the vertical method and the oblique method. 
The vertical method is the one which is most likely 
to interest the petroleum technologist, for the photo- 
graphs are taken as near to the vertical as is possi} 
and so provide a pictorial map of the ground. 
using this method, the area is flown over in such 
manner as will ensure that it is covered by parallel 
strips of vertical photographs, the individual photo- 
graphs of which overlap each other in a fore and aft 
direction by some 50 to 60 per cent., and in a lateral 
direction by some 20 per cent. The height at which 
the photographs are taken may be from 10,000 to 
15,000 feet, more or less, according to the scale required 
and the lens used. The flying speed may be taken 
as10om.p.h. It will be appreciated that very accurate 
flying is necessary for air survey purposes, for the 
aircraft must be maintained at a constant height and 
flying speed, and kept in perfect trim, so as to reduce 
distortion on the photograph, due to tilt, to the 
absolute minimum. 

Gyroscopic control has been recently introduced and 
is reported to have given some remarkable results. It 
has not yet however been tried out on any large air 
survey contracts so far as the writer knows, and 
development in this direction is awaited with much 
interest. The overlap between the consecutive photo- 
graphs enables that part of the area common to the two 
photographs to be examined in the stereoscope ; by 
this means the ground may be seen standing out in per- 
spective, and it thus affords the geologist a most 
effcient means of viewing detail, as seen from the air, in 
vertical as well as in horizontal relation to other detail. 
The lateral overlap between strips is made so as to 
ensure that no gaps are left in the area photographed. 
By using a special contouring stereoscope it is possible 
to draw in form lines on the photographs and contours 
where sufficient spot heights are available. 

The photographs can be pieced together so as to 
form a mosaic or picture map, or the topographical 
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data can be transferred from the photographs and put 
into map form. In cases where no triangulation exists, 
this will be provided by the ground survey parties, 
who will use the air photographs in order to find their 
way about the area and to select suitable control 
points. The distance apart of these controls and the 
method employed to establish them depends on the 
scale and accuracy required for the maps or mosaics, 
as well as on the nature of the country. 

The oblique method has only been used successfully 
for mapping large areas of comparatively flat country 
in Canada and in Northern Rhodesia. These surveys 
have already been described in Discovery. Where 
small scales are 
required (3.94 miles= 
t inch) this method is 
narticularly useful, as 

is both rapid and 
mnomical. 

Where an economic 
survey is to be made, 
geologists, ecologists, 
forestry and other ex- 
perts as required would 
go into the field with 
the ground _ control 
parties. They would 
interpret the detail as 
seen on the _ photo- 
graphs by checking on 
the ground. For this 
purpose areas would be 


ms 
a . 
MAPPING FROM THE AIR. 


A typical air photograph, taken from a height of ten thousand feet, showing thie 
instruments which appear on the negative, and thus record tull details ot each exposurt 


selected on account of 
their easy accessibility. 
With the knowledge 
gained, the photograph may be indexed and then used 
for the interpretation of detail of the remote or 
inaccessible areas, which have detail similar to those 
areas already investigated on the ground. In assessing 
the value of air surveying, therefore, it is important 
to remember that a great deal of this information 
relating to the economic resources of the country may 
be obtained, although the main object of the survey 
may be for mapping purposes only. 

In the writer’s opinion the maximum benefits can 
only be secured from air surveying if really large areas 
are surveyed—this implies co-ordination of interests. 
The photography can be completed so rapidly that 
only a comparatively few special air survey aircraft 
would be required. These could be located at suitable 
bases and sent from one contract to another, so as to 
take advantage of the most suitable weather conditions. 
There are always, of course, cases where a company 





39 


desiring a small survey may be able to use some local 
organization, and much useful work has been accom- 
plished in this way already. But to secure the 
economic mapping of the Empire, a matter of great 
importance, as under four-fifths of the Empire is 
adequately mapped, some co-ordinated plan on 
Imperial lines seems to be desirable. The curtailment 
of survey programmes as a measure of economy is 
in actuality a means of causing grievous waste at some 
future date. 

The camera used by the British operating companies 
in their recent work is constructed throughout of 
metal and can be fitted with lenses of focal lengths 
varying from 6 inches 
to 20 inches, according 
to requirements’. of 
scale. Roll films are 
used, each roll con- 
taining one hundred 
exposures. The 
available area on each 
for the 

measures 


negative 

photograph 
7 inches by 7 
and there is a margin 
to one the 
photographic record for 


inches, 
side of 


an instrument panel, 
which is incorporated 


The 


development of ** infra- 


in the camera. 


red’’ photography is 
being watched with 


considerable interest, as 
its successful applica- 
tion to vertical photography, if that be possible, 
should greatly extend the use and value of air photo- 
graphy for geological work, because the range of colour 
values obtainable will be increased. “ Infra-red ” 
photography, if successful, should also enable flying 
costs to be reduced considerably by making it possible 
for photography to be carried out under atmospheric 
conditions which are not possible when _ using 
panchromatic film and the special filters used at 
present. The special filters are used in order that 
haze due to the moisture content in the atmosphere 
may be penetrated. It is not possible to cut out 
haze due to smoke or dust, so that it is important to 
ensure that the best time of the year is chosen for air 
photo operations. Clear skies and air are essential 
for good results. 

When the machine has reached photographic height, 


say 14,000 feet, the pilot finds the speed and direction 
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of the wind by means of his wind gauge bearing plate. 
With this data the photographer works out the intervals 
that he must allow between exposures, so as to secure 
a 60 per cent. overlap, and sets the required interval 
on the intervalometer on the remote control. The 
pilot meanwhile flies towards the starting point for 
the first strip, on the bearing he is to steer on. He 
settles down to a steady course and speed. Looking 
ahead, he picks up leading marks, for by steering on 
leading marks he can instantly correct for local changes 
of wind. 

A compass will not enable him to do. this, 
though, of course, the pilot is checking his course by 
compass all the time. When vertically over the 
starting point the observer switches on the camera ; 
immediately the first exposure is made, and then the 
camera motor winds the film ready for the next 
exposure and resets the shutter. A few seconds 
before the time due for the next exposure the red 
light goes on and warns the pilot to steady on his 
course, then the next exposure follows, and so the 
process is repeated throughout the flight. 

Flying for air survey requires particular skill, for 
in addition to the need for accurate navigation, the 
machine must be kept at a constant air speed and 
height, and tilts must be kept to as small an angle 
as possible. With reasonably good flying, tilts should 
not exceed two degrees. It should also be remembered 
that probably the pilot is flying over completely 
unmapped country, therefore he has to memorize 
features to the side of his next overlap, so as to provide 
a check on his return strip, for gaps in photography 
mean a reflight of that part of the strip and would be 
very costly. Although the automatic gyro control 
may prove to be of great value for air survey flying, 
the pilot will still have to be highly skilled. In 
certain classes of work the crew of an air survey 
aircraft may be in the air for as long as six hours or 
more. 

It is impossible to lay down standard costs, and it 
is even misleading to quote them. Costs depend on the 
scale required of the prints, mosaics or maps; the 
size and nature of the area, its position, accuracy 
required and several other factors. The survey of 
65,000 square miles in Northern Rhodesia worked out 
at a cost of £1 per square mile. The writer has 
estimated that 400,000 square miles of territory in 
South America could be mapped from vertical photo- 
graphs to a scale of 1/50,000, with 25 metre contours 
included, for a cost which works out at £3.77 per 
square mile. The survey could be completed in five 
years. This shows that by going for really large 
areas costs can be considerably reduced. 
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One of the greatest advantages of air surveying, 
that of speed, has curiously enough proved to be one 
of its greatest handicaps. The survey may be com- 
pleted so rapidly by air methods that payment might 
have to be made within, say, two years, instead of, 
say, six years, if done purely by ground methods. 
As the former may cost, say, a third of the latter, the 
fact that a larger amount of money is required within 
the two years period has prevented contracts being 
secured. This is an example of false economy, which 
unfortunately is very prevalent to-day, and is holding 
up developments of importance to the Empire and 
to tracle. 





Weighing an Eyelash. 


It is only recently that manufacturers of scientific 
instruments in this country have turned their attention 
to the making of extremely delicate analytical balances. 
They are now able to produce instruments which are 
said to be superior to the most highly sensitive 
continental productions. With the latest type of 
British balance it is possible to weigh an eyelash or a 
written signature with surprising accuracy. In 
chemical research it is frequently necessary, of course, 
to attain even finer limits in weight. 

These and other instruments recently manufactured 
in this country will be exhibited in the scientific 
instruments section of the British Industries Fair at 
Olympia. Among these is an instrument for measuring 
the comparative densities of photographic plates and 
reflections from papers. Hitherto measurements of 
the same colour or density by different worke-s have 
varied owing to the difference in the sensibility of 
individuals to light. The new instrument ensures 
that readings taken in various countries will always 
correspond. 

Other exhibits will include an instrument known 
as the “ Stormoguide,”’ which is fitted with a specially 
prepared dial capable of giving weather forecasts 
for both rising and falling pressure ; spectacles which 
will fold into the space occupied by a watch; and a 
rifle for target practice which does not require 
ammunition. 

This is known as the “ Shadowlite,”” and projects 
a luminous target upon a blank wall. When 
the trigger is pressed, a black spot appears on 
the target at the point at which the rifle is aimed, 
thus marking the position where the bullet would 
have struck the target. The invention depends upon 
a system of lenses within the rifle, and is designed to 
avoid noise, fumes and the cost of ammunition. 
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Colonel Fawcett: Some New Theories. 


Following the return of the Churchward Expedition from Central Brazil, where a search was made for Coionel Fawcett, 


an tnteresting correspondence has appeared in THE TIMES. 


Various theories have been advanced regarding the fate of 


the missing explorer, which was the subject of recent articles in DISCOVERY. 


THE Rio de Janeiro newspaper A Nottre recently 
published a statement made to it by Herr Victor 
Oppenheim and reprinted in The Times, in which the 
German scientist declared his belief that Colonel 
Fawcett died six years ago in the Brazilian jungle, 
where he disappeared in 1925. Herr Oppenheim, who 
has spent eight months in the interior of Brazil, 
believes that Stephan Rattin, the Swiss who claimed 
to have seen and talked with a European supposed to be 
Colonel Fawcett in an Indian village last March, was 
not in the region where Colonel Fawcett disappeared. 
He claims information of his own that Colonel Fawcett, 
as is already known, went from Cuyaba, in Matto 
Grosso, to the Kuluene River. He followed this river, 
Herr Oppenheim believes, till he came to the Xingu 
River, where he dismissed his guides and with a small 
party pushed on towards the Rio das Mortes, going 
probably 300 miles farther inland. Then the party 
turned into the forest in the Cayapos region. In 
that region, said Herr Oppenheim, Colonel Faw- 
cett and his companions, without conveyance or means 
of subsistence, must 
inevitably have 
perished. 

Herr Oppenheim’s 
story differs chiefly from 
most accounts of Colonel 
Fawcett’s fate as he 
attributes his death and 
that of his companions 
to natural causes. The 
three expeditions which 
have made _investiga- 
tions in the neighbour- 
hood where  Coloncl 
Fawcett was last known 
to have been brought 
back reports that the 
explorers had been killed 
by Indians. hy 

Replying to Herr : Veiled @ 
Oppenheim’s statement, op 8 
Mr. Peter Fleming, a 
member of the Church- 
ward Expedition, points 
out that the probability 
that Fawcett’s party was 
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Who was last heard of in Central Brazil in May, 1925. 


massacred rests on the only three reliable accounts so 
far obtained of the last stage of their journey. “‘ In 
each of these the Kalapalos (who have no particular 
grudge against any of the tribes who might beheld 
responsible for the outrage, and therefore no motive 
for making the story up) said that Fawcett and his 
two companions were killed by Indians a few days’ 
march east of the Kuluene.’’ Mr. Fleming states 
that the itinerary which Herr Oppenheim ascribes 
to Fawcett after he reached the Kuluene disregards 
the geographical factors involved. ‘After following the 
Kuluene to the Xingu, the only way to push on towards 
the Rio das Mortes would be to go back up the Kuluene ; 
and even after going probably 300 miles inland, it 
would be impossible to turn into the forest in the 
Cayapos region.” 

“If Fawcett had indeed followed this route his 
disappearance would not be so impenetrably shrouded 
in mystery. His trail could be followed at least as 
far as the Xingu (to reach which, if Herr Oppenheim 
is right, he must have bought canoes from the 
Kalapalos, which they 
deny); and the Dom- 
inican Friars in the 
Araguaya, who are in 
close touch with the 
Cayapos, would  cer- 
tainly have heard 
something of his arrival 
in their territory.” 

The theory that 
Colonel Fawcett’s party 
was massacred by 
Indians is supported by 
Mr. George Ford, who 
states that he sees little 
reason to assume that 
the expedition would in 
any case have perished 
if no other ill had be- 
fallen them. “ With 
sufhcient ammunition, 
there is plenty of food 
to be obtained in the 
region north of Cuyaba, 
and there should be no 
fear of starvation.”’ 


(N.A.N.A. photo 
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Correspondence. 


THE EXPANDING UNIVERSE. 
To the Editor of DIscovERyY. 
DEAR SIR, 

In the January issue of Discovery, Dr. H. WKnox-Shaw 
is reported as saying that a cluster of very faint nebulae in 
Gemini seemed to be moving away from us at a speed of 24,000 
kilometres a second, and that the velocity increased with the 
presumably at a known rate of increase. As this 





distance 
observation was of a condition that was happening 135,000,000 
light-years ago, would it be possible to calculate how far off 
those nebulae are at the present time in light-years? That is, 
how long would the light from them now take to reach our 
descendants, should they exist and have instruments wherewith 
to see them, and at what rate would the nebulae be moving ? 
Yours faithfully, 

Harrow, W. S. DARBY. 

Middlesex. 

Dr. Knox-Shaw writes: “ Your correspondent is right in 
supposing that the observations of the cluster of faint nebulae 
in Gemini indicate that its velocity was 24,000 kilometres a 
second, when the light now reaching us from it started on its 
journey 135,000,000 years ago. We must regard the cluster as 
being now some ten million light-years further away, so that the 
light now leaving it is due to reach the earth in about 145,000,000 
years time. An observation made at that date may be expected 
to give its velocity as about 26,000 kilometres a second, being 
to the best of our knowledge its rate of motion at the present 


time.’ 





“NEW LIGHT ON EDMUND BURKE.” 
To the Editor of DISCOVERY. 
SIR, 

Mr. H. V. F. Somerset in your December issue has thrown 
some new light that is very much needed on the financial dealings 
of Edmund burke and his disreputable associates. He has made 
a slip in attributing the to ‘‘ the late Sir 
Charles Dilke,’’ who merely edited the work of his grandfather, 


‘¢ ’” 


Papers of a Critic 
C. W. Dilke, chief proprietor of the Athenaeum from 1828 and 
father of the first baronet, the late Sir Charles’ father. But 
Mr. Somerset is mnght in saying that Dilke’s shrewd comments 
on Burke have received too little notice. Mr. Somerset’s new 
evidence, supplementing Dilke’s charges, appears opportunely 
on the centenary of Warren Hastings’ death. For there can be 
little doubt that Burke’s venomous attacks on Hastings were 
mainly inspired not by pure philanthropy but by the desire for 
revenge on the directors of the East India Company and their 
servants. Burke and his dubious allies in the City had counted 
on obtaining substantial advantages through Fox’s India Bill 
of 1783, which would have placed the Company and all its rich 
posts under the absolute control of a Board nominated by Fox 
and his Whig friends. George III foiled that measure of political 
corruption by getting rid of Fox and North and making Pitt 
Prime Minister early in 1784. Burke, rendered desperate at 
the loss of the Bill which promised relief from his financial 
embarrassments, immediately began to prepare for the cam- 
paign against Hastings, the Company’s chief servant, which 
resulted in the impeachment of 1787 and the long and scandalous 
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trial of 1788-95 which ruined Hastings in person while exculpat 
ing him completely on all the serious charges. 

Moreover, there is good reason to believe that Burke’s quarre! 
with Sulivan, the chairman of the Company, and his colleagues 
had arisen years before out of speculations in which Burke 
William Burke, Earl Verney and others were engaged. The 
affair was hushed up and the full details may never be unearthed 
But it would seem that between 1766 and 1769 the Burkes 
and Verney—who was a notorious gambler and spendthrift— 
had engaged in a big deal in East India stock which resulted 
disastrously for them, as the Company’s fortunes were then at 
a low ebb and its stock declined heavily instead of rising. From 
that time onward Burke’s hostility to the Company can be traced. 
He and his friends supported the appointment of the three 
members of Council—Francis, Clavering and Monson—who were 
sent out to checkmate the new Governor-General, Hastings, and 
Francis was Burke’s chief source of information when the case 
against Hastings was being worked up ten years later. Burke’s 
professions of disinterested zeal for the welfare of the poor 
Indian carry less conviction the more one knows of his financial 
transactions. The testimony of Samuel Rogers in 1783, quoted 
by Mr. Somerset, is all the more notable because Rogers was a 
banker by profession, though a poet in his leisure hours, and 
was well acquainted with the affairs of the City. If Rogers 


ce 


could refer to the Burkes as “‘ monsters ’’ and hint that they had 
defrauded Earl Verney, their reputation in Lombard Street 
must have been extremely bad. Clearly Burke was not the man 
tc accuse Hastings of corruption—Hastings, whose scrupulous 
honesty and probity were fully demonstrated in the seven years’ 
trial 
Yours, etc., 
owaRD G. HAWKE 
Highgate, 
London, N.06. 





“AN “EXNTINCT’ BIRD REDISCOVERED.” 
lo the Editor of DISCOVERY. 


SIR, 

| have read with great interest Mr. David Bannerman’s 
article on the rediscovery in Dominica of the capped 
petrel, ‘“‘ Le Diablotin,”’ which has long been thought extinct. 
Audobon’s shearwater (Puffinus Cherminieri Cherminteri) is 
also known as the “ Diablotin’”’ in these islands. For years 
I can remember the young birds being sold as an edible delicacy 
in the small towns on the coast, but the adult birds never seem 
to be eaten in the same way. This species is to be found in 
almost aJl the rocky islets round the coast, and I have two 
of the young birds taken by Mr. L. W. Preudhomme from a 
hole in the rocks of Sandy Island. Unlike the true “ Diablotin,”’ 
this petrel is by no means extinct in Grenada, though it may 
be so in Dominica. 
Yours faithfully, 

J. WELLS WHITEMAN, 
Medical Officer. 


St. Andrew’s, 
Grenada, 
British West Indies. 


(The petrel known as Audobon’s shearwater is sometimes 
confused with the capped petrel, ‘“‘ Le Diablotin,’’ owing to 
the fact that both birds have the same colloquial name in the 
different islands. The “ Diablotin,’’ however, has a very distinct 
blackish cap and white forehead, which are lacking in Audobon’s 
shearwater, and the former is about twice the size.—ED.) 
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The French Political System. 


By R. B. Mowat. 
Professor of History in the University of Bristol. 


A remarkable fact brought out in a new study of the French political system* is that France has no written constitution. 
The fact, for instance, that the President presides over meetings of the Ministry is purely a matter of convention. 


THE French, whose minds are so logical, and so fertile 
in constructive schemes, and who might almost be 
called the fathers of written constitutions on the 
Continent of Europe, have never set out their own 
constitution in a formal document or comprehended it 
within a single definite and coherent scheme. The 
Abbé Sieyés during the time of the French Revolution 
was a famous drafter of constitutions; the Emperors 
Napoleon I and III had their codes and constitutions ; 
the Bourbon Monarchy of 1814 and the Orleans 
Monarchy of 1830 had the “ Chartes.”” The Second 
Republic of 1848 had a written constitution. The 
Third Republic, however, is governed simply under 
a few statutes, passed in the Legislature in 1875 
or subsequently, and under certain customs or 
conventions which are not expressed in any statute. 
One of these constitutional customs, and obviously 
a highly important one, not contained in any con- 
stitutional law, is to the effect that the President 
of the Kepublic is present at, and presides over, 
meetings of the Ministry. The Premier and other 
ministers, it is true, can and do meet by themselves 
as a Cabinet Council, with the Premier in the chair ; 
but it is the rule that large questions of national 
importance, such as foreign affairs and defence, are 
discussed and decided in the full Council of Ministers, 
that is, the President of the Republic, the Premier and 
the rest of the Cabinet Ministers, with the President 
inthe chair. When it is said that the I'rench President 
has, in general, much the same kind of constitutional 
position and powers as the English king, it must be 
borne in mind that no English monarch has been 
present at a Cabinet meeting since Queen Anne. 


The * Seize Mai.” 


Another custom or convention which is enshrined 
in no written law is that the Chamber of Deputies 
(corresponding to the British House of Commons) 
is never dissolved except at its legal term every four 
years. There is a provision in law for the dissolution 
of the Chamber by the President, but this provision 
has never been used since the year 1877, when the 
episode known as the Seize Mai took place. On this 
occasion the President, MacMahon, who dissolved 


* lhe krench Political System. 
Benn. 1932.) 


By W. L. MIDDLETON. 


the Chamber, received so severe a rebuff at the general 
election that the device has never been tried again. 
The unwritten convention, observed for over half 
a century, against dissolution of the Chamber, 
enormously increases and ensures the power of the 
Chamber. 


The Power of the Chamber. 


This power and commanding position of the 
Chamber of Deputies, its freedom from control by the 
Executive Government, is one of the most impressive 
features of the French political system. In Great 
Britain, the power of the Government of the day, 
the control of the Cabinet over Parliament, largely 
rests on the power of dissolution; for, except on a 
very major issue, the House of Commons is unlikely 
to oppose the decisions of the Government if the 
immediate result will be a loss of the members’ seats, 
and all the public and private inconveniences resulting 
from a general election. In France the Chamber is 
safe for four years; it can, and it does, make and 
unmake Governments with remarkable frequency. The 
average “ life’? of a French Government seems to be 
about seven or eight months. If any Government, 
through inherent strength or ability, or other circum- 
stances, looks like settling down into a position of 
long-enduring power, some combination of groups is 
soon found in the Chamber and casts it out of office ; 
for, of course, no Government can continue in office 
if it is without a majority in the Chamber. 
M. Poincaré’s famous Ministry of 1926 lasted for 
nearly three years; but as soon as his great work of 
ensuring the solvency of France and of stabilizing 
the franc was accomplished, the Chamber very quickly 
brought about his fall from office. 

Besides the strength imparted by a four years’ 
assured tenure, the Chamber of Deputies has another 
means of controlling the Government in the fact that 
there is no “ party system ”’ in the English sense, but 
only a ‘Group System.” The French people have 
never divided themselves into Conservatives and 
Liberals, or Conservatives, Liberals and Socialists. 
Their minds perceive more than a two-fold or three- 
fold political difference between electors; or else, 
they prefer to group themselves around particular 
leaders, for French politics and loyalties are very 
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personal. M. Poincaré never identified himself with 
any party or group, but like the elder Pitt remained 
aloof from such connexions. Nevertheless, he has 
always had a following of his own on whom he could 
rely, a number of deputies whose sympathies and votes 
would be on his side, almost at his command. 
M. Briand, not at all a “ party”’ or “ group’”’ man in 
his later career, also had his own personal following 
of deputies. 


The Chief Groups. 


The chief groups, however, have rather a more 
stable existence than that which depends on the life 
or influence of one man. Their political tendencies 
are shown by the position which they occupy in the 
hemicycle to the left or right of the President of the 
Chamber, a condition of affairs which dates from the 
legislative assemblies of the French Revolution of 
1789-99. The main groups or parties, from left to 
right, are the Communist, Socialist, Radical-Socialist, 
Republican-Socialist, Popular-Democratic, Republican 
Democratic Alliance, Republican 
l‘ederation, Royalist. 

It should be noted that the Republican Democratic 
Alhance, though, for convenience, inserted in the 
list above, is not really a distinct group, but is 
represented by several groups in the Chamber. The 
Kepublic Democratic Alliance is only an electoral 
organization for ensuring that men of moderate view, 
shall stand for election in the constituencies; once 


Democratic 


they are elected, they can sit and vote in any 
‘ moderate’ group of the Chamber that they choose 
to adopt. “It may be doubted whether the political 
system of any other country can show a similar 
example of a strong electoral organization which has 
no corresponding party in Parliament.’’ The only 
control that the Republican Democratic Alliance can 
exercise over its members dispersed in various groups 
of the Chamber lies in the fact that it may refuse to 
support or endorse their candidatures at the next 
general election. The English party system has many 
advantages, but it also has the disadvantage that 
party-discipline and _ party-loyalty do sometimes 
exercise a prejudicial, cramping or numbing effect on 
the mind and actions of individual members of the 
House of Commons. The method of the Repvblican 
Democratic Alliance seems to afford a reasonable 
compromise between political rigidity and political 
confusion ; it is an example of the sagacity of its 
founder, the eminent French statesman Waldeck- 
Kousseau, whose bust is now deservedly one of the 
monuments of the Tuileries Gardens. 

As there are no large parties in French politics, 
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but only groups, so a Cabinet can only be formed 
with the support of a number of groups, sufficient to 
ensure a majority of votes in the Chamber. Every 
Cabinet, therefore, is composite, comprising ministers 
drawn from several groups, on the understanding, of 
course, that each group represented in the Cabinet 
will cast its Chamber votes to support the Govern- 
ment’s policy. Such a system obviously does not 
make for Government stability, but increases the 
control which the Chamber, powerful in any case 
through its long assured tenure, can exercise over the 
Cabinet. 

A “ Ministerial Crisis,’’ that is, the circumstance 
of the fall of one Cabinet and the advent of another, 
may last for a long time, because any statesman 
entrusted by the President with the task of forming 
a Government has to interview and obtain promises 
of support from the chiefs of other groups beside 
his own. Frequently the President has to invite 
one leading statesman after another to endeavour 
to form a Government, and many combinations have 
to be tried before any one leader is assured of sufficient 
support in the Chamber to inform the President that 
he can undertake the duty. Even when a Government 
has been formed with the support of some four or five 
groups, there is no guarantee that these will continue 
to vote together indefinitely. If only one of them 
secedes, and votes with the opposition groups, the 
Government may fall; and the movement of opinion 
in the Chamber always brings it about that if the 
Government looks like becoming a controlling power, 
it will assuredly fall. On June 7th, 1932, M. Herriot’s 
Government obtained a majority of 238 on a vote of 
confidence in the Chamber of Deputies. This would 
appear to be a sufficiently powerful backing for a 
Government in a Chamber where the number of 
members voting on that occasion was 542. 

Nevertheless, The Times correspondent wrote : 
‘“ The general view of the Chamber seemed to be that 
the Government would be allowed to remain in power 
at least till the negotiations at Lausanne and the 
present stage of the negotiations at Geneva have been 
concluded. That will take it into the autumn—and 
on a longer term than that on which French Govern- 
ments are accustomed to speculate.” 


Governing Regions. 


A map which Mr. Middleton has prepared, on the 
results of the elections of 1924, when M. Herriot’s 
first Government was formed, show the regions of 
the country which in effect govern France under a 
Radical-Socialist régime. Such a régime, under the 
same Premier, is again in office to-day. 
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Internal Combustion Engines for Railways. 


The possibilities of the internal combustion engine for railways were discussed in DISCOVERY at the time of the early 
tests. The Bermuda railway was the first to adopt this system entirely, and has just reported on the successful results 
of the first vear’s work. 


THE Bermuda railway system 1s some_ twenty- 
three miles in length, and is a severe test for a 
locomotive engine. There is hardly half a mile 
of level track and steep gradients are frequent. 
There are over forty stations and halts, a_ large 
number of which are actually situated on grad- 
ients. In addition there is a complete lack of 
water supply, and 
the system is_ used 
by a varied class of 
traffic. 

In view of these 
conditions it was 
decided to equip the 
railway 
propelled internal] 
combustion 


with” self- 


rail-cars, 


which would. be 
capable of hauling one 
trailer each. The 
service was __ started 


at the end of 193! 
with six power 
passenger cars, and 
two power freight 
cars. These coaches, 
which were — sup- 
plied by a London 
company, were of 
interesting design, each car having one power 
bogie which comprised a self-contained driving unit, 
and carried a 120 horse-power engine. 

The transmission is unique, in that it affords 
tive speeds in each direction. The gear change 
is carried out pneumatically from the brake system, 
and changes of speed are thus easily made from 
either end of the car, depending upon the direction 
in which it is driven. 

The railway was an entirely new venture for 
Bermuda. When it was. started the personnel 
had to be trained, and most of the staff had had 
no previous mechanical experience. The success 
of these novel cars is therefore all the greater. The 
experience gained on this railway should provide 
engineers on large systems with a_ striking 
example of the way in which running costs may 
be reduced on_ branch lines. The “ standby 





THE NEW DRIVING UNIT, 


A view of the internal combustion driving unit, in which the gear change is carried out 
pneumatically from the brake system. 


charges’ of internal combustion 
ligible, and therefore running costs are extremely 
low. They can be made to carry some fifty 
passengers in the coach and a_ similar number 
trailer. They do not  need_ turntables, 
and are simple to drive, requiring only one 
man. Their maintenance is low, and when it 
is realized that on 
this railway it 
has been _ necessary 
to keep all eight 
cars in constant ser- 
vice to maintain the 
schedule, it will be 
appreciated that the 
time occupied in 
maintenance 1s 


cars are neg- 


in the 


extremely short. 

The service has 
now been aug- 
mented by the 
delivery from Eng- 
land of two 300 H.P. 
locomotives, built on 
the same lines 
as the 
An interesting 
feature of these cars 


power Cars. 


is that both power 
bogies are controlled from a_ single point 
without re-duplication of _ levers. A novel 


electro-pneumatic system of synchronizing — the 
changing of the two gears from any _ remote 
point has been evolved on the latest models with 
outstanding success. 

These locomotives will be used for rush periods, 
which occur when steamers arrive bringing tourists, 
and when a large volume of traffic has unexpectedly 
to be dealt with. Each locomotive will haul 
four trailer cars, seating 68 passengers. News 
of the working of these locomotives in regular 
service will be awaited with interest, but in the 
meantime it is clear that the internal com- 
bustion rail-car, which has been adopted for the 
exacting duty of the Bermuda railway, has come 
through its first and most difficult year with “ flying 


, 


colours.’ 
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Book Reviews. 


Imperial Forestry Institute. Annual Report. 


Oxford.). 


(Holywell Press, 


Among outstanding studies during the year at the Imperial 
Forestry Institute, University of Oxford, is the investigation of 
the cricket-bat willow problem, a matter of considerable public 
interest at the present time. In recent years growers of bat 
willows have been subjected to heavy losses from the rejection 
by buyers of many trees considered unsuitable for bat-making. 
The trouble has now been traced to the fact that there is more 
than one botanical variety being grown under the name of 


’ 


‘ cricket-bat willow.’’ The rejected trees prove to be hybrids 
which, in external appearance, often resemble so closely the true 
bat willow that they cannot be detected as hybrids until the 
flowering age, which involves the loss of several years of growth. 

It has been found that certain cultivated poplars are highly 


susceptible to “ poplar canker ”’ while others, growing alongside 


under similar conditions, are more or less immune. It became 
necessary to determine whether the susceptibility and immunity 
were individual in character, or whether they were associated 
with certain species or particular hybrids. This involved a 
critical study of the cultivated poplars, and Dr. Davy undertook 
an investigation of the problem. The work has only just been 
commenced, but already it has been ascertained that in the case 
of the Black Italian poplars susceptibility is definitely associated 
with certain hybrids, while other hybrids of the same group are 
immune. It soon became apparent, the report states, that the 
systematy of the cultivated poplars was in such a state of con- 
fusion that a thorough study of the Black Italian group must 
be made before the varieties which are immune can be indicated 
A letter published in The Times brought a large response from 
all parts of the country, revealing a widespread interest in the 
problem, and producing a considerable amount of material which 
is now being investigated. In view of the increasing interest 
taken in the poplar as a quick-maturing crop, it is of importance 
that growers should have reliable information as to the varieties 
which are subject to disease and those which are immune 

A feature of the year at the institute has been an increase in 
the amount of advisory work carried out. One of the most 
interesting inquiries related to material brought from Zanzibar, 
consisting of roots of the clove trees attacked by chafer larvae, 


together with 


specimens of the beetles and their larvae and 
pupae The species was described as new to science by Mr 


G. Arrow, of the British Museum, who named it J/daecamenta 
eugeniae Arr Further investigations have now been carried 
outin Zanzibar, revealing the presence of more than one species, 
ut up to date, according to the reports received from the 
entomologist at Amani, it would appear that the exact economi 


uncertain, and further informa- 


The chiei items of research in the pathology section related 
to frost damage, infection experiments with larch canker and 
Phomopsis on Douglas fir, contro] of the leaf-cast of larch, the 
Dutch elm disease, heart-rot of oak, the ink disease of sweet 
chestnut and die-back of beech, poplar canker, damping off of 


seedlings Work on frost d 


i amage includes a study of the critical 
temperatures for damage to certain conifers and the abnormal 
' afiected trees. Lhe work this year has largely 
concerned the relation of frost damage to the humidity and rate 
of movement of the al ‘The fourth annual survey of the 


further increase throughout the 
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country. The ffth survey is now in progress, and it is believed 
that there is some moderation in the advance of the disease, 
although no definite statement on this is yet possible. Work 
on the ink disease of sweet chestnut and die-back of beech 
has reached an important stage. The parasite Phytopthora 
cambivora Petri has been isolated from sweet chestnut in the 
New Forest and has been identified by Mr. Ashby, of the Imperial 
Mycological Institute, who makes a special study of this genus. 
The disease is steadily progressing in the New Forest, and a 
further serious outbreak on sweet chestnut has been discovered 
in Hertfordshire. 
from dying beech in two separate woods in Somerset, and has 
been found to be the undoubted cause of the die-back. Mr. 
Ashby has identified this isolation as being a race distinct from 
that obtained from the New Forest chestnut. Phytopthora 
cambivora is so important a parasite of the chestnut that its 
occurrence on the beech, which has not previously been recorded, 


Phytopthora cambivora has been isolated 


is to be regarded seriously, and as far as opportunity occurs it 
will be necessary to follow up all reported cases of dying beech 
Die-back of beech has been very extensive of recent years , 
it is unlikely that all of it is to be put down to this fungus, but 
it is most desirable that the position of the parasite as a cause 
of disease in beech should be made plain. 


Pocahontas, ov the Nonparrel of Virginia. By Davip GARNET 


(Chatto and Windus. 8s. 6d.). 


Princess Pocahontas has always stood out among the romanti 
figures of American history, but never before has such a graph 
account of her life and times been available. Born about 1595, 
the daughter of the chief Powhatan, she grew up amidst th 
war which was waged for so many years with the first English 
colonists at Jamestown in Virginia. Their struggle to establish 
a settlement in face of Indian attacks and the ravages of malaria 
makes a fascinating subject for Mr. Garnett’s talent. In 
addition to studying all the documents of the period he has 
visited Virginia and gone over the whole of the ground himself, 
with the result that his book throws much fresh light on its 
history 

On the publisher’s jacket we are told that Pocahontas lett a 
son whom she bore to an English adventurer, but this ts 
distinctly misleading, for her marriage with Rolfe was the 
central and most picturesque event of her short life. Having 
been secretly in love with Captain Smith, the first effectiv: 
leader of the colonists, she was heart-broken at the report of 
his death. 
in a tobacco plantation at Jamestown, she attracted the eye of 


But a few years later, when working as a prisoner 


Rolfe, and a romantic courtship ensued. Incidentally, the 
young priest who instructed the beautiful Pocahontas in the 
Catechism found it a very different task from what he had 
expected in setting out to convert savages ! 

The marriage of the Princess was important politically, 
for in consenting to the match the Governor of Virginia went 


so far as to abandon a campaign which he had planned to 


‘exchange " Pocahontas for the English prisoners and arm: 


captured by the Indians. Instead the marriage became 

bond of peace with the natives, and Kolfe and his bride were 
given a piece of land between the rival camps to cultivate with 
tobacco fhe birth of their son drew the parents even closet 
together, but the contlict between the English and Indian outlook 
is Skilfully drawn, Pocahontas sighing for the carefree life of 
her fathers in contrast with the restless activity of th 


knglishman But ever since Smith had told her as a child 
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about London, she had secretly longed to see this magic town 
with its crowded streets and theatres, and she was completely 
reconciled to the hardworking Rolfe when he found himself 
rich enough to accept the Governor’s invitation to take her 
to England. 

The voyage, the mixture of fascination and disillusionment 
which Pocahontas experienced at the court of James I, and 
her death at the early age of twenty-one, form a tragic and 
rather sordid conclusion to the story, only redeemed by the 
brief meeting with her old lover and the unfailing tenderness 
of her husband. 

Some three hundred years later, on January 16th, 1933, 
a descendant of Pocahontas, Mrs. Torrey of Heacham, Norfolk, 
was visited on her eightieth birthday by Queen Mary. It was 
a gracious thought on the part of Her Majesty to make this 
visit, which was indirectly a_ well-deserved compliment to 
Mr. Garnett. 


The Subsidence of London. Ordnance Survey Professional 
Papers, No. 14. Bv T. E. 


Office. 2s. 6d.). 


LONGFIELD. (Stationery 


In dealing with the problem of the subsidence of London 
Captain Longfield sets out by enumerating the different varieties 
of land movement of which London is suspected of being a 
victim. These are as follows: a general and gradual lowering 
of the land surface in the south-east of England with relation 
to mean sea level; in addition to this, a rather more local 
but at the same time a general subsidence in the metropolitan 
area; a seasonal subsidence and uplift caused by changes of 
water content in the London clay (it should be noted that there 
is approximately four months’ lag in the action of the clay) ; 
subsidence caused by the draining or pumping of water and 
sand from the gravel; rhythmic land movement synchronous 
with the rise and fall of the tide; 
Referring to the first variety 


and possible subsidence 
due to underground tunnelling. 
of land movement, the author mentions the generally accepted 
fact that in the south-east of England some sort of movement 
of the land relative to mean sea level has been going on since 


prehistoric times. Unfortunately records of levels do not go 
back more than 70 years or so, which is infinitesimal from 
the geological aspect, and in order to make deductions it is 
necessary to seek the assistance of the geologist. 

Borings have disclosed in the buried channel of the [Thames 
the fact that what was the surface of the land in the Neolithic 
Age is now some 60 to 70 feet below mean sea level, and it it be 
assumed that the period involved is about 10,000 years, then 
the mean sinkage works out at about 9 inches per 100 years 
Interesting deductions can be made trom the depth of Roman 
relics in the Thames basin, in connexion with which Dr. Mortimer 
Wheeler’s work is well known. As a result of numerous dis- 
coveries Of Roman pottery, buildings and burials, it 1s sate 
to assume that Southwark was a well inhabited area. This 
locality, however, is 5 to 6 feet below Trinity high water mark, 
and only Bermondsey, Horsleydown and St. George's elds 
rise definitely above the tide. It is clear that these scattered 
refuges are not sufhcient to account tor the distribution of 
Roman occupation in London south of the Thames, and although 
Mr. Codrington suggested that the Romans built a riverside 
embankment 12 feet high from Depttord to Vauxhall, many 
experts support the theory that this embankment, which 1s 
known to have existed, was constructed at some later date, 
following the gradual sinking of the land surface along the 
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Thames estuary ; it would certainly be strange if the Romans 
had selected a low-lying tract, liable to be inundated at high 
tide, for their habitation; and it would seem much more 
reasonable to suppose that this area was at that time high and 
dry, and that the embankment previously referred to was built 
at a later date. Captain Longfield mentions the possibility 
that the efforts of the London County Council in raising and 
strengthening the present embankments of the Thames, to 
prevent a recurrence of the 1929 floods, are merely a repetition 
of what was done then, and that engineers in the future will 
be constantly confronted with the same problem. It is not 
generally admitted that the floods of 1929 were the result of 
land sinkage, but the building of embankments along the Thames 
from time to time, confining the waters within narrower and 
more definite limits, has been put forward as the reason. A 
combination of circumstances, no doubt, conspired to produce 
some exceptionally high tides, higher, relative to the land 
than in the memory of man; but tides very nearly as high 
have occurred since, and it would appear at any rate a possibility 
that a gradual lowering of the land surface, suddenly brought 
to notice by these particularly high tides, was at least a con- 
tributory factor. At Tilbury, structural remains of Roman 
huts can still be seen on the foreshore at a depth of 13 feet 
below Trinity high water mark, and therefore below mean 
sea level, and many other evidences of occupation at a corres- 
pondingly low level have been recorded along both banks of 
the river from Westminster downwards. Details are to be found 
in Dr. Wheeler’s introduction to the publication of the Royal 
Historical ‘“* Roman 


London.” The evidence seems conclusive that the level of 


Commission on Monuments, entitled 
high tide 2,000 years ago must have been at least 15 feet lower 


relative to the land surface than it ts at present. 


A Wanderer in the Promised Land. By NORMAN BENTWICH. 


Soncino Press. 7s. 6d.) 


Everyone who has visited or intends to visit Palestine ought 


I He knows 


to read Mr. Bentwich’s scholarly and delhghttul book. 
the country and its history exceptionally well. He went with 
the British Army into Palestine, took a high legal post in the 
administration and has lived there ever since, though 
no longer an official. He has travelled in every part of the 
Holy Land, and into Syria, Transjordania and Sinai and down 
to Akaba on the Red Sea. He has even explored the Dead Sea 
thoroughly in a motor-boat and noted the modern chemical 
works on its shore as well as the ruins of the old Jewish and 
Crusaders’ castles on its frowning cliffs. Moreover, Mr. Bent- 
wich has been a close and accurate observer of the archaeological 
research that has been prosecuted with great vigour in recent 
years. One would not wish tor a better popular summary otf 
what has been done, for instance, at Ophel outside Jerusalem 
or at Jericho, at Petra or at the very recently found city at 
Ras Shamra near Latakia, or by Sir Flinders Petrie at Tell 
Ajjul near Gaza. Palestine, now at last under a civilized govern- 
ment, has become the happy hunting-ground of archaeologists, 
and there is no apparent limit to what they may find conceruing 
every period from the Stone Age upwards in a land that has 
known many conquerors—-Egyptian, Hebrew, Philistine, Hittite, 
Assyrian, Persian, Greek, Roman, Arab, Crusader, Turk, French 
and English—-through the ages 

Mr. Bentwich does not confine himself to the past, but describes 
aptly and clearly the country as it is at present, with the new 


towns and villages, olive groves and orchards, the new port at 
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He devotes 
a chapter to the strange and complex history of the Jews’ 
“ Wailing Wall ”’ 
thirty or forty yards long which occasioned an international 
He notes that 
3ahai movement, initiated by 


Haifa and the electricity works in the Jordan valley. 
at Jerusalem—a strip of Herodian masonry 


controversy for the League of Nations to settle. 
Acre is the headquarters of the 
a pious Persian who suffered for his unorthodoxy ; his present 
representative is an Oxford man, whose house and hostel “ are 
an oasis of religious peace.’’ Mr. Bentwich writes so pleasantly 
and competently that one could only wish that his book were 


longer, but the subject is inexhaustible. 


Indian Caste Customs. By L. S. S. O'MALLEY. (Cambridge 


University Press. 


6s.). 


[t is to be regretted that Mr. O’Malley’s book was not available 


two or three years ago. It contains information essential to 


an understanding of the main factors involved in the greatest 
problem facing British statesmen of modern times—-the problem 
of transforming that India, in which society is organized on a 
a self-governing community on modern 


religious basis, into 


democratic lines The Hindu caste system is the antithesis 


of democracy Caste, in other words status based upon religious 
belief, determines when a man may marry, with whom he may 
with whom he 


consort, may eat, from whom he may recelve 


service, food or drink, and what occupation he must follow 
Hence the bitterness in the struggle between Hindu and Moslem 
and, within the ranks of Hinduism, between the higher castes 
outcasts. At 
ambitions cut across religious regulation, at another religion 
the 


and above all are the superior sanctity of the ascetic 


and the untouchables and one time political 


embitters struggle and reinforces the spirit of political 


rivalry ; 
and the serene atmosphere of Hindu philosophy, which have 
attained a state above and bevond caste, but cannot persuade 
Hinduism to ignore it as a matter of every-day policy. 

Mr. O'Malley's experience as a census officer has given him 
an intimate knowledge of the details of the caste system and 
what is more important at the present juncture, insight into 
relation to the 
His 


valuable and instructive study of an intricate question. 


Indian sentiment about caste, especially in 


social and political changes of recent years book 1s a 


Reason and Nature. By Morris R. COHEN. (Kegan Paul. 


>. 


The author's purpose in writing this very scholarly treatise 
appears to be to emphasize the need for a study of the principles 
underlying scientific and philosophical enquiry and so to guard 
the 
The author divides 


against vague and ill-defined conclusions which may be 


result of a distorted approac h to learning. 
his work into three books : Keason and the Nature of Things, 


Reason in Natural Science, and Reason in Social Science. He 
examines in considerable detail the basis and laws which govern 
these three branches of learning 

This is by no means a book to read at one sitting; indeed, 
it is possible that some readers may wish to leave parts of It 
of the 


scholarship and wide reading, and no doubt the author fulfils 


unread. The specially scientific part work exhibits 


a called-for and valuable function in setting forth physical 
principles from the particular point of view that he adopts. 
Nevertheless, the work will not have a wide or popular appeal. 
It is essentially a critical philosophical treatise addressed, so 


the author says, “ to the generally educated public that is not 
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afraid of close and sustained reflection.’’ Weare afraid, however, 
that the author confers too great a compliment upon the very 
wide section of the public that he addresses. 

MATHESON. 


Wales. By COLIN 


26.}. 


Changes in the Fauna of 
(National Museum of Wales. 


This is the third of a series of studies by the Keeper of Zoology 
in the National Museum dealing from various angles with the 
interrelations of man and animals in Wales. The author discusses 
some of the outstanding changes in the birds and beasts within 
historic times. As he-points out, although changes in the 
composition of a fauna proceed quite apart from the activities 
of man, the changes described in this essay can be traced almost 
without exception to human influences. 

Mr. Matheson deals first with the animals which have become 
and later introduced 


the former includes the beaver, brown bear, wolf, wild 


extinct, with animals within historic 


times ; 
cat, the birds of the marshes, and others; among the latter 
the musk rat, blue hare, grey squirrel, black and 


The author rightly points 


group are 
brown rat, peacock and little owl. 
out that the process of destruction, which in the older countries 
has been going on for hundreds of years, has during the nineteenth 
and twentieth centuries taken place at an alarming rate in all 
parts of the world. The bison, which roamed the plains of 
North America in vast herds, were reduced in the latter half 
of the nineteenth century to a mere remnant; the numbers of 
the gorilla, and of the great beasts of prey and herbivores in 
Africa, have been enormously depleted; even in Australia, 
the continent most lately colonized by white men and still the 
most thinly populated, it has been necessary of recent years to 
sound warnings and take measures to prevent the extermination 
of the unique marsupial and bird fauna. 

Occasionally an enlightened self-interest has stepped in to 
check the destruction, as when an international agreement put 
an end to the wholesale slaughter of the Alaska fur seal, which 
might otherwise have become extinct. In the same way the 
marten is now accorded legal protection in Prussia, with certain 
other mammals whose misdeeds are outweighed by their services 
The the 
recognition that purely business considerations should not be 
the only factors governing our attitude in these matters. Our 
rare marten and its relative the polecat, the wild cat and the 
It is 
as much a duty to preserve them as to preserve Stonehenge. 


in killing rodent pests. author notes increasing 


badger, are attractive and interesting relics of the past. 


The growth of a sense of responsibility towards the animal life 
of the home country and the Dominions has been rapid within 
recent times. 
Society for the Protection of Birds, while bird sanctuaries have 


Thus, since the year 1889 we have had the Royal 


and more 
recently the Society for the Preservation of the Fauna of the 
The Wild Birds’ Act of 1880 
successors, whatever their defects, have given legal expression to 


now been established in many parts of this country ; 


Empire. Protection and its 
the desire for the preservation of one branch of our animal life. 

Another modern development which has an important bearing 
on, and is partly prompted by a wish for, the preservation of 
wild life, is the establishment of permanent national parks. 
The creation of the great American national parks, for example, 
has saved the bison from extinction. In this country, although 
rather late in the day, efforts are now being made to preserve 
untouched parts of the countryside for the enjoyment of future 
generations ; and in these parks it may be that the lingering 
remnants of our older fauna will find a safe retreat. The book 
contains a number of attractive illustrations. 
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